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I  INTRODUCTION AND SUMMARY 
Much of t h e  wea l th  of s c i e n t i f i c  and t e c h n o l o g i c a l  i n f o r m a t i o n  gen- 
e r a t e d  o r  accumulated by NASA i n  suppor t  of t h e  n a t i o n ' s  ae rospace  pro- 
grams can be used by p u b l i c  a g e n c i e s  concerned w i t h  t h e  more everyday 
a f f a i r s  of t h e  p o p u l a t i o n .  Such a  t r a n s f e r  of e x p e r t i s e ,  however, i s  n o t  
spontaneous .  The a p p l i c a b l e  t e c h n i c a l  in fo rmat ion  f i r s t  must be matched 
w i t h  needs .  Implementation of t h e  d a t a  i s  t h e  e q u a l l y  important  second 
phase .  To t h e s e  ends  NASA has  e s t a b l i s h e d  i t s  Technology U t i l i z a t i o n  
D i v i s i o n  w i t h  Technology U t i l i z a t i o n  O f f i c e r s  (TUOs) i n  each of t h e  
NASA c e n t e r s .  The Technology U t i l i z a t i o n  D i v i s i o n  has  c o n t r a c t e d  w i t h  
s e v e r a l  r e s e a r c h  o r g a n i z a t i o n s  t o  a s s i s t  i n  t h i s  program. 
S tanford  Research I n s t i t u t e  h a s  been s e l e c t e d  t o  s t u d y  t h e  a r e a s  
of a i r  p o l l u t i o n ,  c r i m i n a l i s t i c s ,  and t r a n s p o r t a t i o n ,  The I n s t i t u t e ' s  
o b j e c t i v e  i n  t h i s  p r o j e c t  i s  t o  apply  t h e  r e s o u r c e s  of an i n t e r d i s c i -  
p l i n a r y  Technology A p p l i c a t i o n s  team (TAT) t o  p l a n ,  c o o r d i n a t e ,  c o n t r o l ,  
and e v a l u a t e  a  program f o r  o p t i m i z i n g  t h e  match between p u b l i c  s e c t o r  
problems and p o t e n t i a l  s o l u t i o n s  i n  t h e  o v e r a l l  ae rospace  d a t a  bank. 
Emphasis i s  on p u b l i c  agenc ies  west  of t h e  Rockies .  
D r .  C h a r l e s  J .  Cook, Execu t ive  D i r e c t o r ,  P h y s i c a l  Sc iences  D i v i s i o n ,  
s e r v e s  a s  Team Superv i sor .  D r .  Lloyd P .  Smith,  Sen ior  S c i e n t i f i c  Advisor ,  
O f f i c e  of Research O p e r a t i o n s ,  a s s i s t s  D r .  Cook and t h e  o t h e r  team members 
i n  an adv i sory  c a p a c i t y .  M r .  Will iam C .  Thuman, P h y s i c a l  Chemist ,  has  been 
ass igned  a s  D i r e c t o r  of t h e  Technology A p p l i c a t i o n s  Team, and i s  p r o j e c t  
l e a d e r  f o r  t h e  s t u d i e s  i n  a i r  p o l l u t i o n .  He i s  a s s i s t e d  i n  t h e  a i r  p o l l u -  
t i o n  s t u d i e s  by D r .  Robert  C .  Robbins,  Sen ior  P h y s i c a l  Chemist ,  and 
M r .  P a u l  V. R o b e r t s ,  Chemical Engineer .  D r .  Aryeh H.  Samuel, Program 
Manager, C r i m i n a l i s t i c s ,  i s  i n  c h a r g e  of t h e  work on C r i m i n a l i s t i c s .  
M r .  Edward C.  Wood, D i r e c t o r  of Applied Programs, i s  p r o j e c t  l e a d e r  f o r  
t h e  t r a n s p o r t a t i o n  s t u d i e s ,  and i s  a s s i s t e d  by M r .  L e s l i e  R .  P a r k i n s o n ,  
Engineer ing  Management S p e c i a l i s t .  
The method of approach i s  e s s e n t i a l l y  one of i n t e r v i e w i n g  a p p r o p r i a t e  
r e p r e s e n t a t i v e s  i n  t h e  p u b l i c  s e c t o r  t o  l e a r n  of t h e i r  t e c h n o l o g i c a l  needs;  
t r a n s l a t i n g  t h e s e  e x p r e s s i o n s  of needs i n t o  e x p l i c i t  problem s t a t e m e n t s ;  
computer-searching t h e  NASA d a t a  banks f o r  p o t e n t i a l l y  a p p l i c a b l e  r e f e r e n c e s ;  
c o n f e r r i n g  w i t h  t h e  TUOs t o  o b t a i n  t h e i r  a s s i s t a n c e  i n  i n t r o d u c i n g  t h e  TAT 
members t o  cogn izan t  p e r s o n n e l  a t  t h e  c e n t e r s ;  and p ropos ing  means of so lv -  
i n g  o r  h e l p i n g  t o  s o l v e  p u b l i c  s e c t o r  problems through u s e  of t h e  d a t a  un- 
covered ( technology t r a n s f e r ) .  
Reports a r e  submitted monthly and q u a r t e r l y ;  t h i s  i s  t h e  second 
q u a r t e r l y  r e p o r t .  Progress  i n  problem i d e n t i f i c a t i o n  and technology 
t r a n s f e r  was as  fo l lows:  
Problems accepted 
Problem s ta tements  
prepared o r  r ev i sed  
Problem s ta tements  
submitted t o  u se r '  
Problem s ta tements  sub- 
mi t ted  t o  WESRAC 
Computer searches  
rece ived  from WESRAC 
V i s i t s  t o  u s e r  agencies  
T o t a l  cumulative a c t i v e  
problems 
A i r  
P o l l u t i o n  
7 
Criminal- Transpor- 
t a t i o n  
- 
I I PROBLEM STATEMENTS 
Twenty-one problem s t a t e m e n t s  were p r e p a r e d  o r  r e v i s e d  d u r i n g  t h e  
r e p o r t  p e r i o d .  They a r e  g iven on t h e  f o l l o w i n g  p a g e s .  Rev i s ions  a r e  
based  on s u g g e s t i o n s  from t h e  u s e r s .  
SRI/AP-10 
( r e v i s e d )  
January 1970 
PROBLEM STATEMENT 
A Rapid I n s p e c t i o n  Technique f o r  T e s t i n g  Compliance 
o f  Motor Veh ic les  w i t h  Emission S tandards  
What is Needed 
An a c c u r a t e ,  r a p i d ,  s i m p l e ,  s t a n d a r d ,  and r o u t i n e  p rocedure  is 
needed f o r  t e s t i n g  compliance o f  motor v e h i c l e s  w i t h  e m i s s i o n  s t a n d a r d s .  
Background 
More t h a n  50 p e r c e n t  of  a i r  p o l l u t i o n  i n  most urban a r e a s  a r i s e s  
from motor v e h i c l e  e x h a u s t .  Exhaust  emiss ion  s t a n d a r d s  and c o n t r o l  
d e v i c e s  have been  t h e  s u b j e c t s  of  c o n s i d e r a b l e  s t u d y  over  a  p e r i o d  o f  
y e a r s .  Although c o n s i d e r a b l e  p r o g r e s s  h a s  been made concern ing  e x h a u s t  
c o n t r o l  d e v i c e s ,  l i t t l e  p r o g r e s s  has  been made i n  deve lop ing  a  r a p i d  
i n s p e c t i o n  t e c h n i q u e  f o r  t e s t i n g  compliance o f  c o n t r o l l e d  motor v e h i c l e s  
w i t h  a p p l i c a b l e  emiss ion  s t a n d a r d s .  The m a t e r i a l s  i n  t h e  exhaus t  t h a t  
a r e  of  concern  i n  compliance t e s t i n g  a r e  hydrocarbons ,  n i t r o g e n  o x i d e s ,  
ca rbon  d i o x i d e ,  and ca rbon  monoxide. 
C o n s t r a i n t s  and S p e c i f i c a t i o n s  
The e x h a u s t  i n s p e c t i o n  t e c h n i q u e  must measure i n s t a n t a n e o u s l y ,  
a u t o m a t i c a l l y ,  and c o n t i n u o u s l y  t h e  c o n c e n t r a t i o n  of  hydrocarbons i n  
p a r t s  p e r  m i l l i o n  (ppm), t h e  n i t r o g e n  o x i d e s  i n  ppm, carbon monoxide and 
c a r b o n  d i o x i d e  i n  volume p e r c e n t ,  and e x h a u s t  volume. Assoc ia ted  w i t h  
t h e  t echn ique ,  would b e  development o f  a  s t a n d a r d ,  r a p i d ,  eng ine  t e s t  
c y c l e  t h a t  would be  s i m p l e  t o  o p e r a t e  and r e p r e s e n t a t i v e  o f  a c t u a l  d r i v i n g  
c o n d i t i o n s .  
For f u r t h e r  i n f o r m a t i o n  o r  d i s c u s s i o n  c o n t a c t  
D r .  R .  C .  Robbins,  S t a n f o r d  Research I n s t i t u t e  
Menlo Park ,  C a l i f o r n i a  94025 
Area Code 415.  326-6200, E x t .  2353 
hlr. William C .  Thuman, S t a n f o r d  Research I n s t i t u t e  
Menlo Park ,  C a l i f o r n i a  94025 
Area Code 415.  326-6200, E x t .  3536 
SRI/AP-11 
January 1970 
PROBLEM STATEMENT 
Moni to r ing  of  F l u o r i d e s  i n  t h e  Atmosphere 
What i s  Needed 
A method i s  needed f o r  moni to r ing  a tmospher ic  f l u o r i d e s  on a 
con t inuous  o r  quas i -cont inuous  b a s i s .  
Background 
F l u o r i d e s  a r e  ex t remely  t o x i c  t o  animals  and p l a n t s  and a r e  
normal ly  p r e s e n t  i n  t h e  s t a c k  emiss ions  of aluminum and s t e e l  m i l l s  
i n  gaseous o r  p a r t i c u l a t e  form. Although a  wide v a r i e t y  of  p l a n t s  
a r e  s u s c e p t i b l e  t o  f l u o r i d e  damage, perhaps  t h e  more s e r i o u s  e f f e c t  
i s  on an imals  t h a t  may consume fodder  c o n t a i n i n g  r e l a t i v e l y  h igh 
c o n c e n t r a t i o n s  of f l u o r i d e s .  The c o n c e n t r a t i o n  of f l u o r i d e s  is  b u i l t  
up i n  t h e  animal  o v e r  a  p e r i o d  of t i m e ,  e v e n t u a l l y  l e a d i n g  t o  f l u o r o s i s  
Although c o l o r i m e t r i c ,  s p e c t r o p h o t o m e t r i c ,  and f l u o r e s c e n t  quench- 
i n g  a r e  t h e  b a s i s  of  methods commonly i n  u s e ,  a l l  methods a r e  s u b j e c t  
t o  i n t e r f e r e n c e s  and a n  a n a l y t i c a l  t ime of  up t o  seven hours  may be 
r e q u i r e d  . 
C o n s t r a i n t s  and S p e c i f i c a t i o n  
The method shou ld  be  con t inuous  o r  should  g i v e  r e a d i n g s  a t  about  
f i f t e e n - m i n u t e  i n t e r v a l s .  I n t e r f e r i n g  s u b s t a n c e s  must e i t h e r  be 
e l i m i n a t e d  o r  t h e i r  e f f e c t  on t h e  measurement o f  f l u o r i d e  must be 
c o r r e c t e d  comple te ly  and a u t o m a t i c a l l y .  The method shou ld  p r e f e r a b l y  
be p h y s i c a l .  I t  shou ld  be capab le  of d e t e c t i n g  f l u o r i d e  i n  t h e  0 . 1  
p a r t  pe r  b i l l i o n  r a n g e .  
For f u r t h e r  i n f o r m a t i o n  o r  d i s c u s s i o n  c o n t a c t  
D r .  R .  C. Robbins,  S t a n f o r d  Research I n s t i t u t e  
Menlo Park ,  C a l i f o r n i a  94025 
Area Code 415.  326-6200, E x t .  2353 
Rk. William C .  Thuman, S t a n f o r d  Research I n s t i t u t e  
Menlo Park ,  C a l i f o r n i a  94025 
Area Code 415.  326-6200, Ex t .  3536 
SRI/AP-12 
( r e v i s e d )  
January  1970 
PROBLEM STATEmNT 
D i s p o s a l  o f  Waste Wood 
What is Needed 
There is a  need i n  s e l e c t e d  a r e a s  f o r  a  n o n p o l l u t i n g  method f o r  
t h e  d i s p o s a l  o f  was te  wood. 
Back ground 
About one -ha l f  o f  a  t r e e  is was te .  Although some is used f o r  prod- 
u c t s  s u c h  a s  p a r t i c l e  boa rd ,  a  c o n s i d e r a b l e  p o r t i o n  o f  t h e  waste  is in-  
c i n e r a t e d .  C u r r e n t  i n c i n e r a t i o n  methods i n c l u d i n g  open ( s l a s h )  b u r n i n g  
produce  smoke and o t h e r  p o l l u t a n t s  t h a t  s e r i o u s l y  a f f e c t  v i s i b i l i t y  ove r  
wide a r e a s .  The p a r t i c l e  f a l l o u t  and r e d u c t i o n  o f  v i s i b i l i t y  a s s o c i a t e d  
w i t h  t h i s  b u r n i n g  seem t o  be  one  o f  t h e  most t roublesome a i r  p o l l u t i o n  
problems i n  t h e  Northwest  t o d a y .  The p u b l i c  a t t i t u d e  is c u r r e n t l y  chang- 
i n g  t o  f a v o r  u t i l i z a t i o n  o f  t h e  was te  r a t h e r  t h a n  t h e  long-accepted  
p rocedure  o f  b u r n i n g .  
C o n s t r a i n t s  and S ~ e c i f  i c a t i o n s  
M i l l s  a s s o c i a t e d  w i t h  t h e  lumber i n d u s t r y  a r e  g e n e r a l l y  s m a l l ,  and 
t h e  c o s t  o f  a n  i n c i n e r a t i o n  c o n t r o l  d e v i c e  o r  a l t e r n a t e  d i s p o s a l  method 
must be  r e l a t i v e l y  low: a  $10,000 c o n t r o l  d e v i c e ,  f o r  example, may 
r e p r e s e n t  a  y e a r ' s  p ro f  i t .  
Poss  i b l e  S o l u t i o n  
(Note: T h i s  s e c t i o n  is i l l u s t r a t i v e  o n l y ,  and is n o t  in t ended  t o  
b i a s  o t h e r  s o l u t i o n s  o r  avenues  o f  approach . )  
A p o r t a b l e  c h i p p e r ,  s p r e a d i n g  t h e  c h i p s  f o r  ground c o v e r ,  may be  a  
s u b s t i t u t e  f o r  s t a c k  b u r n i n g .  I n d u s t r i a l  u t i l i z a t i o n  o f  v a r i o u s  t y p e s  
o f  wood w a s t e  is p o s s i b l e  i f  t h e  economic problems c a n  b e  r e s o l v e d .  
For f u r t h e r  i n f o r m a t  i o n  o r  d i s c u s s  i o n  c o n t a c t  
D r .  R .  C. Robbins,  S t a n f o r d  Research I n s t i t u t e  
Menlo Park ,  C a l i f o r n i a  94025 
Area Code 415.  326-6200, Ext. 2353 
&be. William C .  Thuman, S t a n f o r d  Research I n s t i t u t e  
Menlo P a r k ,  C a l i f o r n i a  94025 
Area Code 415.  326-6200, E x t .  3536 
SRI/AP-13 
January 1970 
PROBLEM STATEMENT 
S t a b i l i z i n g  Waste P i l e s  A r i s i n g  from Mining and Smel t ing  Opera t ions  
What i s  Needed 
A method i s  needed t o  prevent  wind en t ra inment  of f i n e l y  d iv ided  
s o l i d  w a s t e s ,  c o a l ,  and o r e s  from mining and s m e l t i n g  o p e r a t i o n s .  
Background 
Huge q u a n t i t i e s  of waste--called t a i l i n g s - - a r i s e  from mining and 
s m e l t i n g  o p e r a t i o n s .  A s  t h e s e  t a i l i n g s  r e s u l t  from s m e l t e r  s l a g s  and 
from u s i n g  a  f l o t a t i o n  p rocess  f o r  s e p a r a t i o n  of m i n e r a l s ,  ve ry  f i n e  
p a r t i c l e s  a r e  u s u a l l y  produced. These f i n e  p a r t i c l e s  a r e  e a s i l y  blown 
by t h e  wind, c a u s i n g  a i r  p o l l u t i o n  problems. (As an example of t h e  e x t e n t  
of t h e s e  t a i l i n g s ,  i n c l u d i n g  s m e l t e r  s l a g s ,  one " p i l e "  i n  Utah comprises 
5 , 5 0 0  a c r e s ,  8 0  f e e t  h i g h . )  Where c o n t r o l  of t h i s  blowing d u s t  i s  
a t t empted ,  i t  i s  u s u a l l y  i n  t h e  form of repea ted  w e t t i n g .  The t rea tment  
i s  n o t  ve ry  e f f e c t i v e ,  because e v a p o r a t i o n  of t h e  wa te r  and t h e  r a p i d  
r a t e s  a t  which t h e  m a t e r i a l  accumulates.  
C o n s t r a i n t s  and S p e c i f i c a t i o n s  
A method t h a t  would s t a b i l i z e  t h e  p i l e  permanently would be p r e f e r r e d .  
The method must be a d a p t a b l e  t o  l a r g e  a r e a s  and t o  t h e  r a p i d  r a t e  a t  which 
t h e  m a t e r i a l  accumulates .  
For f u r t h e r  i n f o r m a t i o n  o r  d i s c u s s i o n  c o n t a c t  
D r .  R .  C .  Robbins, S t a n f o r d  Research I n s t i t u t e  
Menlo Park,  C a l i f o r n i a  94025 
Area Code 415. 326-6200, Ext .  2353 
M r .  William C .  Thuman, S t a n f o r d  Research I n s t i t u t e  
Menlo Park,  C a l i f o r n i a  94025 
Area Code 415. 326-6200, Ex t .  3536 
SRI/AP-14 
( r ev i sed )  
January 1970 
PROBLEM STATEMENT 
Continuous Measurement of Atmospheric Ozone 
What i s  Needed 
An instrument  is needed f o r  measurement of atmospheric ozone on a  
continuous b a s i s .  
Background 
Dai ly  ozone concen t r a t i on  maxima provide a  va luable  i n d i c a t o r  of  
t h e  progress  of  photochemical smog r e a c t i o n s .  The monitoring methods 
t h a t  have been developed, however, a r e  a f f e c t e d  by o t h e r  s t r o n g  oxid iz -  
i ng  components a s soc i a t ed  wi th  the  smog, such a s  n i t rogen  d ioxide  and 
peroxyace ty l  n i t r a t e .  The measured va lues  then a r e  somewhat l a r g e r  than  
t h e  t r u e  concen t r a t i on  va lues  f o r  ozone and a r e  r epo r t ed  as  ' 'oxidant  ." 
While maximum d a i l y  oxidant  va lues  can  be  used as  a  reasonable  index of 
smog, u s ing  oxidants  r a t h e r  t han  ozone is a  recognized p r a c t i c a l  compro- 
m i s e  because no continuous analyzer  f o r  ozone has been developed. 
Cons t r a in t s  and S ~ e c i f i c a t i o n s  
The method must accu ra t e ly  and economically measure ozone on a  con- 
t inuous b a s i s  a t  concent ra t ions  i n  t h e  range of 0 .01  t o  2.0 ppm, using 
e i t h e r  a  phys i ca l  process  t h a t  is s p e c i f i c  f o r  ozone or  us ing  any o the r  
approach, provided t h a t  a l l  i n t e r f e r i n g  substances a r e  e i t h e r  e l imina ted  
o r  a r e  measured i n  such a  way t h a t  t h e i r  e f f e c t  on t h e  measurement of 
ozone is co r r ec t ed  f o r  completely and au tomat ica l ly .  
For f u r t h e r  information o r  d i s cus s ion  con tac t  
D r .  R .  C .  Robbins, Stanford Research I n s t i t u t e  
Menlo Park, C a l i f o r n i a  94025 
Area Code 415. 326-6200, Ext.  2353 
M r .  William C .  Thuman, S tanford  Research I n s t i t u t e  
Menlo Park, Ca l i fo rn i a  94025 
Area Code 415. 326-6200, Ext .  3536 
SRI/AP-15 
January 1970 
PROBLEM STATEMENT 
Development of an  Atmospheric Beryl l ium Monitor 
What is  Needed 
A r a p i d  response  ins t rument  i s  needed t h a t  w i l l  p rov ide  con t inuous  
b e r y l l i u m  c o n c e n t r a t i o n  d a t a  w i t h  an  a larm a c t i v a t e d  by t o x i c  t h r e s h o l d  
c o n c e n t r a t i o n s .  
Back ~r ound 
Bery l l ium i s  under  c o n s i d e r a t i o n  a s  a  h i g h  energy s o l i d  f u e l  f o r  
c e r t a i n  r o c k e t  a p p l i c a t i o n s .  The ext reme t o x i c i t y  of b e r y l l i u m  ox ide  fumes 
i s  w e l l  known, and hazardous  l e v e l  b e r y l l i u m  con tamina t ion  i s  a  p o t e n t i a l  
t h r e a t  i n  t h e  v i c i n i t y  of r o c k e t  t e s t  f a c i l i t i e s  where b e r y l l i u m  f u e l  i s  
burned.  These f a c i l i t i e s  under normal t e s t  c o n d i t i o n s  have t h e  c a p a b i l i t y  
of removing e s s e n t i a l l y  a l l  of t h e  b e r y l l i u m  fume from t h e  exhaus t  gases  
b e f o r e  r e l e a s e  t o  t h e  atmosphere.  The p o t e n t i a l  t h r e a t  e x i s t s  because of  
t h e  p o s s i b i l i t y  of nonnormal o p e r a t i o n  d u r i n g  t e s t i n g  a s  a  r e s u l t  of mal- 
f u n c t i o n i n g  of some sys tem component. 
I f  s i g n i f i c a n t  amounts of b e r y l l i u m  fume a r e  r e l e a s e d  i n t o  t h e  atmos- 
phere  d u r i n g  a  t e s t ,  i t  must be d e t e c t e d  and measured immediate ly  s o  
t h a t  t h e r e  i s  s u f f i c i e n t  t ime  t o  do  whatever  is  n e c e s s a r y  t o  sa feguard  any 
t h r e a t e n e d  peop le .  
C o n s t r a i n t s  and S p e c i f i c a t i o n s  
A n  a r r a y  o f  t h e s e  i n s t r u m e n t s  shou ld  c l o s e l y  su r round  t h e  s o u r c e  s i t e .  
They shou ld  have a  r e sponse  t ime of  l e s s  t h a n  one minute and be  capab le  
o f  c o n t i n u o u s l y  measuring b e r y l l i u m  a t  c o n c e n t r a t i o n s  between 1 . 0  and 
1000 y g / l i t e r  o f  a i r ,  
For f u r t h e r  i n f o r m a t i o n  o r  d i s c u s s i o n  c o n t a c t  
D r .  R .  C .  Robbins, S t a n f o r d  Research I n s t i t u t e  
Menlo P a r k ,  C a l i f o r n i a  94025 
Area Code 415.  326-6200, Ex t .  2353 
h l r  . \S i l l iam C .  Thuinan, S t a n f o r d  Research I n s t i t u t e  
hlenlo P a r k ,  C a l i f o r n i a  94025 
Area Code 415. 326-6200, E x t .  3536 
SRI/AP-16 
January 1970 
PROBLEM STATEhlENT 
S u l f u r i c  Acid M i s t  C o l l e c t o r  
\Shat i s  Needed 
A means i s  needed f o r  comple te ly  removing s u l f u r i c  a c i d  m i s t  from a  
gas  s t r eam.  
Background 
S u l f u r i c  a c i d  i s  formed a s  t h e  ox id ized  end product  i n  many i n d u s t r i a l  
e s h a ~ s t  s t r e a m s  c o n t a i n i n g  s u l f u r  g a s e s .  S u l f u r i c  a c i d  i s  an u n d e s i r a b l e  
and h i g h l y  v i s i b l e  a i r  p o l l u t a n t .  I t  s c a t t e r s  l i g h t  s o  s t r o n g l y  t h a t  t h e  
apparen t  d e n s i t y  of t h e  plume i s  much g r e a t e r  t h a n  t h a t  of an  e q u i v a l e n t  
w a t e r  d r o p l e t  plume. T h i s  b u i l t - i n  d e t e c t o r  should be t aken  advantage of 
i n  deve lop ing  a  method t o  remove comple te ly  t h e  s u l f u r i c  a c i d  from s t a c k  
g a s e s .  
C o n s t r a i n t s  and S p e c i f i c a t i o n s  
The n e c e s s a r y  equipment f o r  complete s u l f u r i c  a c i d  removal should  n o t  
be t o o  expens ive .  Any approach t h a t  c a n  accomplish  t h e  purpose i s  f e a s i b l e  
f ronl a  t e c h n i c a l  v iewpoin t .  
For f u r t h e r  i n f o r m a t i o n  o r  d i s c u s s i o n  c o n t a c t  
D r .  R .  C .  Robbins, S t a n f o r d  Research I n s t i t u t e  
Menlo Park ,  C a l i f o r n i a  94025 
Area Code 415.  326-6200, Ex t .  2353 
h ,  N'illiam C .  Thuinan, S t a n f o r d  Research I n s t i t u t e  
blenlo P a r k ,  C a l i f o r n i a  94025 
Area Code 415.  326-6200, E s t .  3536 
S R I / C - 8  
Ja nuary 1970 
PROBLEM STATmEWT 
D i g i t i z a t i o n  of F i n g e r p r i n t s  
What i s  Needed 
An a u t o m a t i c  method t o  r e c o r d ,  c l a s s i f y ,  t r a n s m i t ,  and r e t r i e v e  
f i n g e r p r i n t s  i s  needed.  
Background 
F i n g e r p r i n t s  a r e  a  major law enforcement concern .  A v a s t  number 
(more t h a n  a b i l l i o n  s i n g l e  p r i n t s )  a r e  on f i l e  i n  numerous l o c a t i o n s .  
They a r e  n e c e s s a r i l y  c l a s s i f i e d  by a  t o p o l o g i c a l  system (number of 
r i d g e s  between f e a t u r e s )  s i n c e  s u c c e s s i v e  p r i n t s  of t h e  same f i n g e r  
may vary  i n  a r e a  covered and s i z e .  C l a s s i f i c a t i o n  i s  c u r r e n t l y  done 
manua l ly ,  w h i l e  r e t r i e v a l  from t h e  f i l e  i s  done semimanually.  There  
a r e  two t y p e s  of r e t r i e v a l  problems: (1) t h a t  t o  match a  s e t  of p r i n t s ,  
t h e  e n t i r e  t e n - f i n g e r  c l a s s i f i c a t i o n  b e i n g  a v a i l a b l e ,  and ( 2 )  t h a t  t o  
match a  s i n g l e  p r i n t ,  which is much more d i f f i c u l t .  
Cons ide rab le  work h a s  gone i n t o  r e v i s i o n  of t h e  sys tem,  s o  f a r  
w i t h o u t  s u c c e s s .  The problem can  be subd iv ided  a s  f o l l o w s :  
1. An o p t i c a l  r e a d e r  o r  e q u i v a l e n t  t h a t  w i l l  l ook  a t  a  p r i n t  
and c o n v e r t  i t  i n t o  a  d i g i t a l  fo rmula .  
2 .  A way t o  s t o r e  t h e  fo rmulas .  
3 .  A q u i c k  way t o  r e t r i e v e  e i t h e r  s e t s  o r  s i n g l e  p r i n t s  t h a t  
match a n  i n p u t  d e s c r i p t i o n  a u t o m a t i c a l l y ,  p r e f e r a b l y  by 
remote  i n t e r r o g a t i o n  from a  t e l e t y p e  t e r m i n a l .  
S o l v i n g  t h i s  problem i s  of d i r e c t  i n t e r e s t  t o  t h e  c i t i z e n ,  because  
i t  w i l l  r educe  t h e  f requency and d u r a t i o n  of  mis taken a r r e s t s ,  and t o  
t h e  t a x p a y e r ,  because  i t  w i l l  r educe  law enforcement c o s t s .  
C o n s t r a i n t s  and S p e c i f i c a t i o n s  
I t  would b e  p r e f e r a b l e  t o  u s e  t h e  p r e s e n t  c l a s s i f i c a t i o n  sys tem,  
b u t  i t  i s  recogn ized  t h a t  t h i s  may n o t  be p o s s i b l e .  However, any new 
c l a s s i f i c a t i o n  system must be t o p o l o g i c a l  i n  n a t u r e ,  i . e .  it must 
g i v e  t h e  same r e s u l t  f o r  t h e  same f i n g e r  even i f  a  d i f f e r e n t  a s p e c t  
h a s  been impressed .  Also  i t  must g i v e  t h e  same c l a s s i f i c a t i o n  f o r  an  
a d u l t  p r i n t  and a  baby p r i n t  from t h e  same i n d i v i d u a l .  The c l a s s i f i c a -  
t i o n  system must be a b l e  t o  be r e s o l v e d  i n t o  i n d i v i d u a l  f i n g e r  c l a s s i -  
f i c a t i o n s  s o  t h a t  comparisons wi th  s i n g l e  p r i n t s  can  be made. 
P o s s i b l e  Approaches 
(Note:  T h i s  s e c t i o n  i s  i l l u s t r a t i v e  o n l y ,  and i s  n o t  i n t e n d e d  t o  
b i a s  o t h e r  s o l u t i o n s  o r  avenues of approach . )  
O p t i c a l  c h a r a c t e r  r e a d e r s  have been developed t h a t  w i l l  r e a d  
h a n d w r i t i n g - - t h i s  i m p l i e s  some s e n s i t i v i t y  t o  form r a t h e r  t h a n  s i z e .  
The o u t p u t  of t h e s e  and o t h e r  r e a d e r s  presumably is  i n  d i g i t a l  form 
s o  t h a t  t a p e ,  d i s c ,  and c a r d  s t o r a g e  a r e  p o s s i b l e .  Time-sharing com- 
p u t e r s  appear  t o  p rov ide  a  framework f o r  remote r e t r i e v a l  on demand. 
For f u r t h e r  i n f o r m a t i o n  o r  d i s c u s s  i o n  c o n t a c t  
D r .  A .  H .  Samuel, S t a n f o r d  Research I n s t i t u t e  
Menlo Park ,  C a l i f o r n i a  94025 
Area Code 415.  326-6200, E x t .  3594 
SRI/C-9 
January 1970 
PROBLEM STATEMENT 
C l a s s i f i c a t i o n  of Evidence I t ems  
What is Needed 
- - 
D i g i t a l  o r  a n a l o g  sys tems t o  r e c o r d ,  c l a s s i f y ,  s t o r e ,  and r e t r i e v e  
i t e m s  of p h y s i c a l  e v i d e n c e ,  such a s  t o o l  marks ,  f i r e a r m s  ev idence ,  and 
f o o t p r i n t s ,  a r e  needed.  
Background 
Crime is  a  major problem of our  s o c i e t y  i n  terms of money c o s t ,  
human c o s t ,  and s o c i a l  t e n s i o n s .  Law enforcement p h i l o s o p h i e s  d i f f e r ,  
b u t  i n  a l l  of them i t  is  c o n s i d e r e d  b e t t e r  when t h e  a c t u a l  p e r p e t r a t o r s  
of cr ime a r e  apprehended and conv ic ted  than  when t h e  wrong persons  
a r e .  To f u r t h e r  t h i s  g o a l ,  t h e r e  i s  s t r o n g  and i n c r e a s i n g  emphasis 
on o b j e c t i v e  ev idence  ( a s  opposed,  f o r  example, t o  c o n f e s s i o n s ) .  
Much of t h i s  i s  p h y s i c a l  ev idence ,  such a s  t o o l  marks,  f o o t p r i n t s ,  and 
f i r e a r m s  ev idence  ( e . g . ,  b u l l e t s ) .  These have i n d i v i d u a l  c h a r a c t e r -  
i s t i c s  t h a t  a l l o w  t h e  i n v e s t i g a t o r  t o  match them w i t h  c h a r a c t e r i s t i c s  
o f  pe r sons  o r  o b j e c t s  suspec ted  of b e i n g  a s s o c i a t e d  w i t h  t h e  c r ime .  
The c u r r e n t  procedure  i s  t h a t  t h e  i n v e s t i g a t o r  v i s u a l l y  compares 
t h e  ev idence  found a t  t h e  cr ime s c e n e  w i t h  r e f e r e n c e  i t ems  o b t a i n e d  
from s u s p e c t s  o r  from a  f i l e  and e s t a b l i s h e s  a s u f f i c i e n t  number of 
p o i n t s  of i d e n t i t y  o r  d i f f e r e n c e .  To do t h i s ,  he  must have t h e  
p h y s i c a l  ev idence  o r  a  photograph i n  h i s  a c t u a l  p o s s e s s i o n .  Th i s  
l e a d s  t o  g r e a t  d e l a y  and inconvenience  when he  wan t s ,  f o r  example, t o  
i n t e r r o g a t e  a  f i l e  i n  a n o t h e r  c i t y .  Moreover, t h e  p r o c e s s  i s  extremely 
time-consuming i f  a  l a r g e  f i l e  i s  t o  be checked.  
B a s i c a l l y  it should  be  p o s s i b l e  t o  automate t h i s  e n t i r e  p rocedure .  
T h i s  would pe rmi t  remote  comparisons,  r educe  t h e  e x p e r t  man-hours 
r e q u i r e d ,  and p rov ide  o b j e c t i v e  backup t o  t h e  e x p e r t ' s  o p i n i o n .  I t  
would e n a b l e  s c i e n t i f i c  t e c h n i q u e s  t o  be a p p l i e d  t o  a  much l a r g e r  
f r a c t i o n  of c a s e s  than  i s  now p o s s i b l e .  
C o n s t r a i n t s  and S ~ e c i f  i c a t i o n s  
We a r e  d e a l i n g  w i t h  a  l a r g e  c l a s s  of phenomena, each of which may 
r e q u i r e  a  somewhat d i f f e r e n t  approach.  I n  a l l  c a s e s ,  however, t h e  
e v i d e n t i a l  i t e m  i n c l u d e s  g e n e r i c  f e a t u r e s  ( e . g . ,  t h o s e  common t o  a l l  
c h i s e l  marks) t h a t  have no e v i d e n t i a l  v a l u e  and s p e c i f i c  f e a t u r e s  
which a l o n e  a r e  v a l u a b l e .  Ways t o  i s o l a t e  t h e  l a t t e r  must be found.  
On t h e  o t h e r  hand,  a d v e n t i t i o u s  f e a t u r e s  ( e . g . ,  t h o s e  t h a t  a r e  
d i f f e r e n t  i n  two f o o t p r i n t s  of t h e  same shoe  o r  two b u l l e t s  f i r e d  from 
t h e  same gun) must n o t  be al lowed t o  o b s c u r e  i d e n t i t y .  T h i s  i s  a  
d i f f i c u l t  t a s k  t h a t  s o  f a r  h a s  r e q u i r e d  t h e  i n t e g r a t i n g  and a n a l y t i c a l  
a b i l i t y  of t h e  human b r a i n .  Moreover, s p a t i a l  t r a n s f o r m a t i o n s  may 
have t o  be b u i l t  i n ,  e . g , ,  two i d e n t i c a l  b u l l e t s  must be c o r r e l a t e d  
even i f  one h a s  been r o t a t e d  w i t h  r e s p e c t  t o  t h e  o t h e r - - t h e r e  i s  no 
n a t u r a l  z e r o  p o i n t .  
P o s s i b l e  S o l u t i o n s  
(Note:  T h i s  s e c t i o n  i s  i l l u s t r a t i v e  o n l y ,  and i s  n o t  in tended  t o  
b i a s  o t h e r  s o l u t i o n s  o r  avenues of approach. )  
I t  would seem t h a t  a  complete s o l u t i o n  would c o n s i s t  of s e v e r a l  
p a r t s ,  such a s :  
1. A t r a n s d u c e r ,  such a s  an  o p t i c a l  r e a d e r  o r  a  mechanical  t a c t i l e  
d e v i c e ,  t h a t  w i l l  a c c e p t  t h e  ev idence  and c o n v e r t  i t  i n t o  
a n a l o g  o r  d i g i t a l  i n f o r m a t i o n .  
2 .  A c l a s s i f i c a t i o n  scheme h i n g i n g  on t h e  impor tan t  s p e c i f i c  
f e a t u r e s .  
3 .  Analog methods o r  d i g i t a l  programs t h a t  w i l l  i s o l a t e  t h e  
s p e c i f i c  f e a t u r e s  ( e . g . ,  t h a t  w i l l  s u b t r a c t  an  u n f i r e d  b u l l e t  
image from t h e  f i r e d  b u l l e t  s o  a s  t o  l e a v e  on ly  t h o s e  f e a t u r e s  
caused by f i r i n g )  and a l l o w  t h e i r  comparison w i t h  r e f e r e n c e  
samples by means of  t h e  c l a s s i f i c a t i o n  scheme. 
4 .  R e t r i e v a l  programs t h a t  can be o p e r a t e d  by remote a c c e s s .  
For f u r t h e r  i n f o r m a t i o n  o r  d i s c u s s i o n  c o n t a c t  
D r .  A .  H. Samuel, S t a n f o r d  Research I n s t i t u t e  
Menlo Park ,  C a l i f o r n i a  94025 
Area Code 415.  326-6200, E x t .  3594 
SRI/C-10 
January 1970 
PROBLEM STATEMENT 
Determining t h e  Age o f  Wr i t ing  i n  Documents 
What is needed 
A method of de te rmin ing  t h e  age o f  w r i t t e n  documents is  needed. 
Background 
S e v e r a l  modern developments have made it harder  t o  de te rmine  t h e  age 
o f  documents, w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  age o f  ink .  Not o n l y  l a r g e  
sums of  money, b u t  t h e  freedom and even t h e  l i v e s  o f  i n d i v i d u a l s  can de- 
pend on t h e  a b i l i t y  o f  f o r e n s i c  s c i e n t i s t s  t o  perform t h i s  t a s k .  
!!%en most documents were w r i t t e n  i n  l i q u i d  ink ,  o x i d a t i v e  changes o f  
t h e  ink  and r e a c t i o n s  o f  i ts  components w i t h  t h e  c e l l u l o s e  and l i g n i n  of 
t h e  paper p e r m i t t e d  a t  l e a s t  approximate d a t i n g .  B a l l  p o i n t  inks  a r e  now 
i n  n e a r l y  u n i v e r s a l  u s e .  Typ ica l  b a l l  p o i n t  ink f o r m u l a t i o n s  inc lude  an 
o i l - s o l u b l e  o r  p o l y a l c o h o l  base ,  a  d i s p e r s e d  polymer, and a  dye o r  pigment.  
A number of fo rmula t ions  from t h e  Chemical Formulary a r e  inc luded  wi th  
t h i s  problem s t a t e m e n t ,  a s  a r e  fo rmula t ions  f o r  t y p e w r i t e r  r i b b o n  ink and 
p r i n t i n g  ink .  
In format ion  and i d e a s  a r e  now r e q u e s t e d  t h a t  can l e a d  t o  a n a l y t i c a l  
methods f o r  de te rmin ing  t h e  age o f  such ink d e p o s i t s .  
C o n s t r a i n t s  and S ~ e c i f i c a t i o n s  
Any method must be  e s s e n t i a l l y  n o n d e s t r u c t i v e ,  s i n c e  t h e  document w i l l  
be r e q u i r e d  i n  ev idence .  Any d e s t r u c t i v e  e f f e c t ,  such a s  chemical  r e a c t i o n  
o f  t h e  ink,  must be conf ined  t o  s m a l l  p a r t s  (1 s q u a r e  m i l l i m e t e r )  o f  t h e  
w r i t i n g .  
P o s s i b l e  S o l u t i o n s  
(Note: T h i s  s e c t i o n  is i l l u s t r a t i v e  o n l y  and is  n o t  in tended  t o  p re -  
c l u d e  o t h e r  s o l u t i o n s  o r  avenues of approach.)  
1. Detec t ,  and e s t i m a t e  t h e  r a t e  o f ,  chemical  r e a c t i o n  of ink  con- 
s t i t u e n t s  w i t h  t h e  atmosphere o r  t h e  p a p e r .  
2 .  De tec t ,  and e s t i m a t e  t h e  r a t e  o f ,  d i f f u s i o n  p r o c e s s e s  a c r o s s  t h e  
ink-paper boundary, u s i n g  microscopy, microchemist ry ,  n o n d e s t r u c t i v e  t e s t -  
i n g  methods (microprobe,  a c t i v a t i o n  a n a l y s i s ) .  Paper  chromatography tech-  
n iques  and p r i n c i p l e s  might be u s e f u l .  
Ink Formulas 
Bal l -Point  Pen Ink 
Formula No. 1 
Castor  O i l  9 3 
Aluminum S t e a r a t e  2  
Oil-Soluble  Dye (Calco 
O i l  Blue N o r   h he no- 
form1' BO. Conc.) 5  
The aluminum s t e a r a t e  is 
d isso lved  i n  t h e  c a s t o r  o i l  
by hea t ing  only t o  cause the  
s t e a r a t e  t o  pass  i n t o  s o l u t i o n .  
The b lue  dye is then added, 
making c e r t a i n  t h a t  a l l  of  t h e  
dye is d isso lved  o r  t h e  com- 
p o s i t i o n  may be f i l t e r e d  through 
a  f i n e  s c r een .  
Formula No. 2  
U.S. Pa t en t  2,623,827 
Vic to r i a  Blue Olea te  56 
Vic to r i a  Blue 
Phosphotungs t i c  Toner 27 
 ween" 202 4  
" carbowax" 1500 4  
Polyethylene Glycol 400 7  
Formula No. 3  
Nontransferable  Bal l -Point  Pen Ink 
Polyethylene 
Glycol 400 10 
Glycerol  84 
Methyl V io l e t  6  
Formula No. 4  
U. S. Pa ten t  2,882,172 
Carbon Black 12 
Mineral O i l  50 
O le i c  Acid 6 
Hydroabietyl  Alcohol 3  2  
Rosen 3 . 5  
Formula No. 5 
V ic to r i a  Blue Olea te  5 6 
V ic to r i a  Blue Phosphotung- 
s t i c  Tone 2  7  
"~ri.11" S .6 2 
" carbowax" 1500, mixed with 8  
Polyethyleneglycol  400 7  
Formula No. 6  
German Pa t en t  1 ,064,663 
Zapon Echt Orange 4  . O  
Hydroxyethylated F a t t y  
Alcohol 58 .O 
Methylpyrrolidone 27 .o 
Sodium Chloride 1 . 8  
Water 2 .7  
The p a s t e  from these  i ng red i en t s  
is formed i n t o  an emulsion wi th  
water and good mixing. The v i s -  
c o s i t y  depends on t h e  amount of  
water added. 
Formula No. 7  
Black 
Ole ic  a c i d  4  4  
Es t e r  gum 3  3  
Nigrosine NB base 2  3  
Mix dye and o l e i c ;  add r e s i n ;  hea t  
t o  9 0 ' ~  f o r  1 hr; f i l t e r  
and r o l l e r  m i l l  
Formula No. 8  
S p i r i t  Fas t  Blue MBSN 
" c a r b i t o l l '  
Formula No. 9 
V ic to r i an  Green WB 
1-3 Butyleneglycol  
Octylenglycol  
Typewriter Ribbon Ink 
U.S. Pa ten t  2,160,511 
Carbon Black 6 
T r i c r e s y l  Phosphate 15  
Nigros i ne  Base 9 
Diglycol  Laurate  15  
Nontacky P r i n t i n g  Ink 
U.S. Pa t en t  2,525,433 
Alka l ine  Lignin 100 
Diethylene Glycol 100 
Dissolve a t  1 0 0 ' ~  
Cool t o  3 0 ' ~  and gr ind  i n  on 
a  t h r e e - r o l l e r  m i l l  
Carbon Black 20 
This ink is d r i e d  by a p p l i c a t i o n  
of water .  
Rotary P re s s  Ink 
Zein G200 100 
Gum Rosin 100 
Ole i c  Acid 20 
Aqueous Ammonia (28%) 2 5 
Water 600 
n-Butyl Alcohol 60 
Pigment 150 
The a l k a l i n e  d i spe r s ion  of z e i n  
and r e s i n  i n  water is modified 
wi th  40 t o  100 p a r t s  of o rganic  
s o l v e n t  t o  make it l e s s  v i scous  
and t o  produce a  continuous f i lm  
w i t h  h igh  g los s  when p r i n t i n g  wi th  
t h e  f i n i s h e d  ink .  The pigmented 
ink dr i e s  qu ick ly  and adheres t o  
non-mois tureproof  cel lophane,  paper 
and paperboard. 
For f u r t h e r  information or  d i s cus s  ion con tac t  
D r .  A .  H .  Samuel, S tanford  Research I n s t i t u t e  
Menlo Park, C a l i f o r n i a  94025 
Area Code 415. 326-6200, Ext .  3594 
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PROBLEM STATEmNT 
C h a r a c t e r i z a t i o n  o f  S y n t h e t h i c  F i b e r s  
What is needed 
A method t o  determine t h e  n a t u r e  o f  s y n t h e t i c  f i b e r s  under micro- 
s c o p i c  examinat ion  is needed. 
Background 
Microscopic  examinat ion o f  ev idence  is one o f  t h e  most impor tan t  t o o l s  
o f  t h e  c r i m i n a l i s t .  H i s  aim is t o  a s s o c i a t e  t h e  evidence unmistakably  w i t h  
items be long ing  t o  an  i n d i v i d u a l .  Many evidence i tems c o n t a i n  t e x t i l e  
f i b e r s ,  and broken t e x t i l e  f i b e r s  a r e  t h e  major c o n s t i t u e n t  o f  domest ic  
d u s t .  Observa t ion  o f  a  c h a r a c t e r i s t i c  mixture  o f  f i b e r s  i n  d u s t  can  l e a d  
t o  t h e  d e s c r i p t i o n  of a  garment t h a t  w i l l  h e l p  i n  apprehending a  c r i m i n a l .  
N a t u r a l  f i b e r s  ( c o t t o n ,  wool, s i l k )  can be i d e n t i f i e d  under t h e  micro- 
scope o r  e l e c t r o n  microscope by morphological  c h a r a c t e r i s t i c s .  S y n t h e t i c  
f i b e r s  a r e  e x t r u d e d  monofilaments t h a t  i n  g e n e r a l  p r e s e n t  few o r  no d i s -  
t i n g u i s h i n g  f e a t u r e s .  S i n c e  t h e r e  a r e  now many d i f f e r e n t  t y p e s  o f  syn- 
t h e t i c  f i b e r s  i n  common use ,  methods f o r  d i f f e r e n t i a t i n g  them a r e  r e q u i r e d .  
C o n s t r a i n t s  and S ~ e c i f i c a t i o n s  
Techniques shou ld  be  n o n d e s t r u c t i v e  i f  p o s s i b l e  s o  t h a t  samples can 
be r e t a i n e d  a s  ev idence .  However, microchemical  t echn iques  i n v o l v i n g  
s m a l l  s c a l e  d i s s o l u t i o n  o f  f i b e r s  a r e  a c c e p t a b l e .  Methods shou ld  be  
a p p l i c a b l e  i n  a  general -purpose  l a b o r a t o r y .  
P o s s i b l e  S o l u t i o n s  
(Note: Th is  s e c t i o n  is i l l u s t r a t i v e  on ly ,  and is n o t  in tended  t o  
p r e c l u d e  o t h e r  s o l u t i o n s  o r  avenues o f  approach , )  
1. S p e c i f i c  s t a i n s  f o r  i n d i v i d u a l  polymers.  
2 .  I n - s i t u  p r e p a r a t i o n  of e a s i l y  i d e n t i f i a b l e  d e r i v a t i v e s .  
3 .  Determina t ion  o f  c h a r a c t e r i s t i c  p h y s i c a l  c o n s t a n t s ,  e  . g . ,  
r e f r a c t i v e  index.  
For f u r t h e r  informat  i o n  o r  d i s c u s s  i o n  c o n t a c t  
D r .  A .  H.  Samuel, S t a n f o r d  Research I n s t i t u t e  
Menlo Park,  C a l i f o r n i a  94025 
Area Code 415. 326-6200, Ex t .  3594 
SRI/C-12 
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PROBLEM STATEMENT 
Simple Ana ly t i ca l  Methods f o r  Drugs 
What is needed 
Ana ly t i ca l  procedures t h a t  do not  r e q u i r e  expensive equipment a r e  
r equ i r ed  f o r  de te rmina t ion  of drugs.  
A l a r g e  p a r t  of t h e  work load of  c r i m i n a l i s t i c s  l a b o r a t o r i e s  con- 
cerns  drug ana lyses .  These a r e  of two types:  de te rmina t ion  of t h e  iden- 
t i t y  of s e i z e d  samples and de te rmina t ion  of drug l e v e l s  i n  blood, u r ine ,  
o r  o the r  phys io log i ca l  specimens. The l a t t e r  is much harder  s i n c e  t he  
drugs a r e  p re sen t  a t  very low l e v e l s .  The i n a b i l i t y  t o  perform these  
de te rmina t ions  may lead  t o  wrongful convic t ions  based on i n f e r i o r  ev i -  
dence ( e .  g . ,  t h e  a r r e s t i n g  o f f i c e r  may t e s t i f y  t h a t  a  suspec t  "appeared 
t o  be under t h e  in f luence  of drugs") .  I t  has been shown t h a t  chemical 
s e p a r a t i o n  procedures  followed by gas chromatography, with c o l l e c t i o n  
of t h e  e f f l u e n t s  f o r  i n f r a r e d  spectrophotometry o r  mass spectrometry,  
i s  a  s a t i s f a c t o r y  method. However, most c r i m i n a l i s t i c s  l a b o r a t o r i e s  do 
no t  have any of t h i s  equipment. Simpler a n a l y t i c a l  methods a r e  there-  
f o r e  being sought .  
Cons t r a in t s  and S p e c i f i c a t i o n s  
Methods suggested should presuppose a  genera l  wet-chemistry capa- 
b i l i t y ,  UV-vis i b l e  spectrophotometer ,  microscope, l i q u i d - l i q u i d  and 
l i q u i d - s o l i d  chromatography, poss ib ly  gas chromatography. 
They should be app l i cab l e  t o  smal l  samples (5-10 ml) of blood or  
u r ine ,  con ta in ing  normal i n t o x i c a t i n g  l e v e l s  of va r ious  drugs.  I f  t e s t  
is  f o r  one drug only ,  it should r e q u i r e  no more than  a  1 - m l  sample. 
P a r t i c u l a r l y  des i r ed  a r e  t e s t s  f o r  t e t rahydrocannabina l  and LSD. 
Amphetamines, b a r b i t u r a t e s ,  morphine drugs a r e  a l so  important .  
Pos s ib l e  So lu t ions  
(Note: This s e c t i o n  is i l l u s t r a t i v e  only and is not  intended t o  
preclude o the r  s o l u t i o n s  o r  avenues of approach.) 
1. Spot t e s t s  
2 ,  Thin l a y e r  chromatography 
3 .  Microbiological  t e s t s .  
For f u r t h e r  information o r  d i s cus s ion  con tac t  
D r .  A .  H .  Samuel, S tanford  Research I n s t i t u t e  
Menlo Park, C a l i f o r n i a  94025 
Area Code 415. 326-6200, Ext. 3594 
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PROBLEM STATEMENT 
E f f e c t  of Drugs on Driving A b i l i t y  
What is needed 
Q u a n t i t a t i v e  information is  needed about t h e  e f f e c t  of drugs on 
a b i l i t y  t o  d r i v e .  
Backaround 
Drunk d r i v i n g  has long been recognized a s  a  crime t h a t  g r e a t l y  harms 
our s o c i e t y ;  drunk d r i v e r s  k i l l  more people than murderers do. S tud i e s  
have been made t h a t  accu ra t e ly  c o r r e l a t e  t he  l o s s  of d r iv ing  s k i l l s  wi th  
t h e  concen t r a t i on  of  a l coho l  i n  t h e  blood. 
Recently t h e  number of a r r e s t s  f o r  d r iv ing  under t h e  in f luence  of 
drugs has grown sha rp ly .  Not only i l l i c i t  drugs can impair d r iv ing  
a b i l i t y ;  many p r e s c r i p t i o n  drugs a l s o  do, and s o  do some remedies t h a t  
a r e  so ld  over t h e  counter ,  such a s  co ld  remedies.  However, law enforcement 
a u t h o r i t i e s  have l i t t l e  o r  no q u a n t i t a t i v e  information on the  e f f e c t s  
of  drugs,  e s p e c i a l l y  a s  t he se  e f f e c t s  r e l a t e  t o  t h e  manual s k i l l s ,  
r e a c t i o n  times, and judgment f a c t o r s  t h a t  c o n s t i t u t e  t h e  a b i l i t y  t o  d r ive  
without  acc iden t .  
One use f o r  t h i s  information would be t o  he lp  o b t a i n  convic t ions  of 
mo to r i s t s  who d r i v e  under t h e  in f luence  of drugs.  Another, f a r  more 
important ,  use f o r  t h i s  information would be i n  an information campaign 
t h a t  would allow members of t he  pub l i c  t o  judge when t h e i r  drug in t ake  
has been such t h a t  they should no t  d r i v e .  Such information about a l coho l  
is a v a i l a b l e  and widely disseminated,  and probably prevents  most of us 
from d r iv ing  dangerously.  I t  is not  a v a i l a b l e  f o r  d rugs .  
Cons t r a in t s  and S ~ e c i f i c a t i o n s  
None. 
Poss ib l e  So lu t ions  
(Note: This s e c t i o n  is i l l u s t r a t i v e  only,  and is no t  intended t o  
preclude o the r  s o l u t i o n s  o r  avenues of approach.) 
1. Resul t s  of biomedical experiments on humans, involving drugs,  
i n  which both drug concent ra t ions  i n  t he  blood and behavor ia l  cha rac t e r -  
i s t i c s  were measured. 
2 .  S imi la r  experiments on animals from which ex t r apo la t i ons  
t o  humans can be made. 
For f u r t h e r  information o r  d i s cus s ion  con tac t  
D r .  A .  H .  Samuel, S tanford  Research I n s t i t u t e  
Menlo Park, C a l i f o r n i a  94025 
Area Code 415. 326-6200, Ext.  3594 
SRI/C-14 
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PROBLEM STATEMENT 
Immobilization of Bombs 
What is needed 
One o r  more genera l  methods a r e  needed t o  render  bombs harmless.  
Background 
A l l  l a r g e  p o l i c e  fo rces  have bomb squads t h a t  must cope wi th  bombs 
t h a t  a r e  l e f t  by c r i m i n a l s .  P o l i t i c a l  c r imina ls ,  members of  organized 
crime, psychopaths,  and o t h e r s  use bombs t o  k i l l ,  t e r r o r i z e ,  o r  i n f l i c t  
damage. The bombs vary  from very crude t o  q u i t e  s o p h i s t i c a t e d .  Many 
have t imers ;  o t h e r s  a r e  s e t  o f f  by c lo s ing  a  c i r c u i t  ( e . g . ,  wi th  the  
i g n i t i o n  key of a  c a r )  ; some even have temblor elements t h a t  w i l l  s e t  
them o f f  when they a r e  moved. One element t h a t  is common t o  most of them 
is t h a t  i n i t i a t i o n  is e l e c t r i c .  In  most cases  t h e  power is provided by 
i n t e r n a l  b a t t e r i e s .  In p r i n c i p l e ,  o the r  i g n i t i o n  methods a r e  pos s ib l e  
( e .g . ,  a  saucer  of s u l f u r i c  ac id  balanced above a  sugar-potassium c h l o r a t e  
mix ture) ;  bu t  they a r e  r a r e .  
An accepted method of disarming bombs used t o  be t o  drop them i n t o  
l u b r i c a t i n g  o i l ,  whose v i s c o s i t y  would a r r e s t  mechanical s t r i k e r s .  This 
is no longer considered s a f e ,  and a  disarming method is sought t h a t  does 
not  r e q u i r e  moving t h e  bomb. New technology does not  seem t o  have been 
appl ied  t o  t h i s  important problem as  y e t .  
Cons t r a in t s  and S p e c i f i c a t i o n s  
Equipment must be reasonably  po r t ab l e ,  so  it can be taken t o  upper 
f l o o r s  of  bu i ld ings  and t o  p l aces  f a r  from roadways. Both i n i t i a l  and 
running  c o s t s  must be moderate. 
Pos s ib l e  So lu t ions  
(Note: This s e c t i o n  is i l l u s t r a t i v e  only,  and is no t  intended t o  
prec lude  o t h e r  s o l u t i o n s  o r  avenues of approach.) 
One poss ib l e  approach t h a t  has occurred t o  us is dousing t h e  bomb 
wi th  l i q u i d  n i t rogen  o r  some o t h e r  cryogenic l i q u i d .  This should f r eeze  
any b a t t e r i e s  and prevent  e l e c t r i c a l  i g n i t i o n ,  and might a l s o  be e f f e c t i v e  
f o r  some n o n e l e c t r i c a l  i n i t i a t i o n  methods. There a r e ,  however, some 
problems assoc ia ted  wi th  t h i s  s o l u t i o n :  
9 Are t h e r e  s u f f i c i e n t l y  p o r t a b l e  v e s s e l s  t h a t  w i l l  c a r ry  a  
s u f f i c i e n t  amount of t h e  l i q u i d ?  
Are t h e r e  any poss ib l e  d e l e t e r i o u s  e f f e c t s  of  r ap id  cool ing  
( e . g . ,  thermoelec t r ic  v o l t a g e s ) ?  
How do you cope with a  bomb ly ing  f l a t  on t h e  ground? Pre- 
sumably you b u i l d  a  c o f f e r  dam around it before  pouring the  
l i q u i d  n i t rogen .  What a r e  ma te r i a l s  and techniques t h a t  w i l l  
enable  t h i s  t o  be done quick ly  and e f f e c t i v e l y ?  
P l ea se  do not conf ine  your t h ink ing  t o  t h i s  p o t e n t i a l  s o l u t i o n .  Other 
ideas  would be most welcome. 
For f u r t h e r  information o r  d i s cus s  i on  con tac t  
D r .  A .  H.  Samuel, S tanford  Research I n s t i t u t e  
Menlo Park,  C a l i f o r n i a  94025 
Area Code 415. 326-6200, Ekt. 3594 
SRI/C-15 
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PROBLFM STATEMENT 
Charac t e r i za t i on  of Glass  
What is needed 
P r a c t i c a l  methods a r e  needed f o r  t h e  c h a r a c t e r i z a t i o n  and individ-  
u a l i z a t i o n  of g l a s s .  
Background 
Glass  is one of t he  most important ma te r i a l s  of phys i ca l  evidence.  
Fragments of broken g l a s s  f u r n i s h  evidence i n  many hi t -and-run ca se s ,  
b u r g l a r i e s ,  and o the r  cr imes.  I t  is a  deeply s a t i s f y i n g  moment f o r  an 
i n v e s t i g a t o r  when he can t ake  a  p i e c e  of g l a s s  found a t  t h e  scene of a  
f a t a l  h i t - run  acc ident  and f i t  i t  p r e c i s e l y  i n t o  t h e  gap l e f t  i n  t h e  
broken head l igh t  of t h e  s u s p e c t ' s  c a r .  Unfortunately,  it  i s n ' t  always 
t h a t  easy.  The g l a s s  may have been s h a t t e r e d  i n t o  smal l  fragments s o  
t h a t  it becomes impossible t o  r e c o n s t r u c t  t h e  o r i g i n a l  p i ece ;  o r  t h e  
s u s p e c t ' s  c a r  may not be a v a i l a b l e ,  s o  t h a t  the  i n v e s t i g a t o r  is t r y i n g  
t o  determine the  g l a s s  c h a r a c t e r i s t i c s  t o  compare with t he  known prop- 
e r t i e s  of g l a s s  i n  d i f f e r e n t  makes of c a r .  For t h i s  purpose, he is of 
course  p r imar i l y  i n t e r e s t e d  i n  those  p r o p e r t i e s  t h a t  vary from make t o  
make; even more so ,  from ba tch  t o  ba t ch  i n  t h e  same make. These may 
inc lude ,  bu t  a r e  no t  confined t o ,  r e f r a c t i v e  index, elementary composi- 
t ion, and hardness .  
Cons t r a in t s  and S p e c i f i c a t i o n s  
Cha rac t e r i za t i on  methods should be nondes t ruc t ive ,  should be app l i -  
c a b l e  t o  smal l ,  p r e f e r ab ly  microscopic samples, and should p r e f e r a b l y  not  
involve very  expensive equipment . However , t h e  l a s t  c o n s t r a i n t  is no t  
abso lu t e  because instruments  i n  nearby r e sea rch  i n s t i t u t i o n s  may be 
available--you, f o r  example, might be ab l e  t o  accommodate i n v e s t i g a t o r s  
-
i n  t h e  v i c i n i t y !  
Poss ib l e  So lu t ions  
(Note: This s e c t i o n  is i l l u s t r a t i v e  only,  and is no t  intended t o  
prec lude  o the r  s o l u t i o n s  o r  avenues of approach.)  
M i c r o t i t r a t i o n  methods f o r  r e f r a c t i v e  index, i n  which a  g l a s s  s l i v e r  
is immersed i n  a  low-index l i q u i d  and a  high-index l i q u i d  is added t i l l  
t h e  g l a s s  d i sappears ,  may be useful--what a r e  t h e  l i m i t s  of disappearance? 
(an)?  
X-ray f luorescence  and a c t i v a t i o n  a n a l y s i s  have been suggested f o r  
elementary ana lyses .  X-ray d i f f r a c t i o n  may a l s o  be u s e f u l .  
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PROBLEM STATEMENT 
Metal  D e t e c t o r s  
What is needed 
A meta l  d e t e c t o r  s u i t e d  t o  p o l i c e  use  is needed. 
Background 
B u l l e t s  a r e  one,  b u t  n o t  t h e  o n l y ,  type  o f  metal  o b j e c t  t h a t  is o f t e n  
sought  i n  p o l i c e  i n v e s t i g a t i o n s .  O t h e r s  a r e  guns, keys,  b u r g l a r ' s  t o o l s .  
These o b j e c t s  t end  t o  be s m a l l .  Sometimes t h e y  a r e  b u r i e d  i n  t h e  ground 
o r  embedded i n  a  w a l l  o r  a  t r e e .  
Metal  d e t e c t o r s  of t h e  type  used t o  d e t e c t  l and  mines a r e  n o t  ve ry  
good f o r  i n v e s t i g a t i v e  u s e .  An o f f i c i a l  of a  major c i t y  p o l i c e  d e p a r t -  
ment s t a t e s  t h a t   he^ w i l l  r e g i s t e r  e v e r y  b o t t l e  cap on t h e  ground b u t  
w i l l  m i s s  most b u r i e d  guns." Apparent ly  s p e c i a l l y  des igned d e t e c t i o n  
ins t ruments  a r e  needed. 
C o n s t r a i n t s  and S p e c i f i c a t i o n s  
The r e q u i r e d  d e t e c t o r  must be p o r t a b l e ;  it would be d e s i r a b l e  f o r  
it t o  be b a t t e r y - o p e r a t e d .  I t  must r e g i s t e r  q u i t e  s m a l l  p i e c e s  o f  metal  
a t  some d i s t a n c e  ( e . g . ,  a  b u l l e t  b u r i e d  2-3 inches  deep o r  a  gun b u r i e d  
2-3 f e e t  deep) .  I t  whould b e  o p e r a b l e  by u n t r a i n e d  personne l  and shou ld  
c o s t  no more t h a n  $500. 
P o s s i b l e  S o l u t i o n s  
(Note: Th is  s e c t i o n  is i l l u s t r a t i v e  o n l y  and is n o t  in tended  t o  
p r e c l u d e  o t h e r  s o l u t i o n s  o r  avenues o f  approach.  ) 
One p o s s i b i l i t y  is t h a t  t h e  t y p e s  of d e t e c t o r s  c u r r e n t l y  i n  use  might 
s e r v e  i f  t h e i r  d a t a  hand l ing  system were improved t o  g i v e  g r e a t e r  s e n s i t i v i t y  
and d i s c r i m i n a t i o n .  Lower n o i s e  l e v e l  and g r e a t e r  bandwidth might con- 
t r i b u t e  t o  t h i s  aim. 
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PROBLEM STATEXENT 
Or ig in-Des t ina t ion  P a t t e r n  
What is Needed 
A very  inexpensive, po r t ab l e  device t h a t  can "mark" a  bus passenger 
a s  he e n t e r s  t h e  bus and i d e n t i f y  him a s  he leaves  would make p o s s i b l e  
t h e  development of equipment t o  t ake  da t a  on t h e  o r i g i n  and d e s t i n a t i o n  
p a t t e r n  and f a r e  mix of a  t r a n s i t  system. 
Background 
To do a  good job of r o u t i n g  and schedul ing  t h e i r  buses ,  l a r g e  c i t y  
bus systems need t o  e s t ima te  t h e  number of  passengers  who t r a v e l  d a i l y  
between each bus s t o p  and each o the r  bus s t o p .  Given an adequate sample 
of o r i g i n - d e s t i n a t i o n  da t a  from which t o  e s t a b l i s h  a  p a t t e r n ,  t h e  t r a n s i t  
opera tor  can schedule  t h e  most e f f i c i e n t  use of h i s  equipment, minimize 
t h e  number of t r a n s f e r s  needed by most passengers  and genera l ly  provide 
a  f a s t e r ,  cheaper s e r v i c e .  To ge t  t h e  necessary  da t a  now, t r a n s i t  
ope ra to r s  p e r i o d i c a l l y  survey each r o u t e .  Typica l ly  an employee r i d e s  
t h e  bus, r eco rds  f o r  each passenger t h e  t ime, t h e  bus s t o p  of o r i g i n ,  
and the  s t o p  a t  e x i t .  He may a l s o  record  t h e  f a r e  pa id  and whether t h e  
passenger took o r  used a  t r a n s f e r .  He may even in te rv iew passengers who 
have t r a n s f e r r e d  o r  w i l l  do s o  t o  o b t a i n  u l t i m a t e  o r i g i n  o r  d e s t i n a t i o n .  
This  is expensive,  and o f t e n  no t  very r e l i a b l e .  Bus ope ra to r s  would 
l i k e  t o  be ab l e  t o  record  t h e  da t a  without  having an employee on board 
t o  do s o  and without  having t o  depend on coopera t ion  from passengers .  
Most of t h e  elements of a  system t h a t  w i l l  do the  job a r e  s t r a i g h t -  
forward. The ope ra to r  can a f fo rd  t o  equip one bus i n  a  hundred, f o r  
example, wi th  record ing  equipment, c lock ,  s t o p  counter ,  o r  odometer r e a d e r .  
But t h e  problem of determining the  o r i g i n  s t o p  o f  a  passenger who is leav-  
ing t he  bus is not  so lved .  Given a  workable s o l u t i o n  t o  t h a t  problem the  
t r a n s i t  opera tor  could spec i fy  and purchase t he  system needed. 
Cons t r a in t s  and Ssec i f  i c a t i o n s  
No coopera t ion  should be r e q u i r e d  of  t h e  passenger ,  indeed it would 
be wel l  i f  he were unaware of t h e  p roces s .  No change i n  t he  p r a c t i c e  of 
boarding t h e  bus a t  one door and usua l ly  e x i t i n g  through another door 
should be necessary .  Since a  sample is wanted, a l l  t h e  passengers  on t h e  
run  need no t  be accounted for--but  t h e  sampling should not  introduce a  
b i a s .  Thus a  device  t h a t  could i d e n t i f y  one passenger a t  a  time but  was 
unable t o  cope wi th  a l i n e  of people i n  quick success ion  would be un- 
acceptab le .  
Poss ib l e  So lu t ions  
(Note: This s e c t i o n  is i l l u s t r a t i v e  only,  and is not intended t o  
b i a s  o the r  s o l u t i o n s  or  avenues of approach.) 
One p o s s i b l e  s o l u t i o n  is  t o  weigh a l l  passengers  a t  e n t r y  and e x i t .  
A p re l iminary  s t a t i s t i c a l  i n v e s t i g a t i o n  ind i ca t e s  t h a t  a s c a l e  accu ra t e  
t o  M . 5  l b  would permit unambiguous i d e n t i f i c a t i o n  of about 20 ou t  of 
30 passengers ,  and would improve wi th  fewer passengers .  Of course,  t h e  
hand r a i l s  would have t o  be p a r t  of t h e  s c a l e ,  and t h e  device must not 
be misled by t r a n s i e n t s  a s  t h e  passenger s t e p s  on and o f f  it. 
Other ideas  a r e  welcome. 
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PROBLEM STATEMENT 
Vehicle  Locator  
What is Needed 
T r a n s i t  o p e r a t o r s  and p o l i c e  and highway p a t r o l s  need a n  inexpensive  
d e v i c e  t o  t r a c k  a  v e h i c l e  and compute its l o c a t i o n  c o o r d i n a t e s  f o r  auto-  
m a t i c  r e p o r t i n g  t o  a  c e n t r a l  d i s p a t c h e r .  
Background 
The d i s p a t c h e r  i n  p o l i c e  and highway p a t r o l  o p e r a t i o n s  now knows 
t h e  l o c a t i o n  o f  t h e  v e h i c l e s  under h i s  c o n t r o l  o n l y  through v o i c e  com- 
municat ion and  zone o r  r o u t e  ass ignment .  A sys tem t h a t  would t r a n s m i t  
t h e  v e h i c l e ' s  l o c a t i o n  when i n t e r r o g a t e d  by t h e  d i s p a t c h e r  would permi t  
its l o c a t i o n  t o  be i d e n t i f i e d  when t h e  o f f i c e r  is occupied o u t s i d e ,  and 
e v e n t u a l l y ,  t h e  development o f  a  more e f f i c i e n t  d i s p a t c h i n g  system.  The 
t r a n s i t  i n d u s t r y  is s t u d y i n g  demand-actuated systems--the Dial-a-Bus idea-- 
i n  which buses  do n o t  r u n  on f i x e d  r o u t e s  b u t  v a r y  t h e i r  r o u t e s  t o  p i c k  
up and drop o f f  p a s s e n g e r s  on c a l l ,  One o f  t h e  n e c e s s a r y  e lements  o f  
such  a  system is f a s t ,  f r e q u e n t  communication o f  v e h i c l e  l o c a t i o n  t o  t h e  
d i s p a t c h e r .  
S e v e r a l  sys tems a r e  under development t o  do t h i s .  They depend 
e i t h e r  on t h e  i n s t a l l a t i o n  of a  c i ty-wide network o f  d e t e c t o r s  i n  t h e  
s t r e e t  o r  on an  a d a p t a t i o n  of t h e  h y p e r b o l i c  n a v i g a t i o n  p r i n c i p l e  (LORAN, 
GEE, e t c . ) .  None make use  o f  t h e  dead reckoning  (DR) c a p a b i l i t i e s  o f  t h e  
v e h i c l e ' s  odometer and s t e e r i n g  g e a r .  Yet a  DR d e v i c e  may be t h e  s i m p l e s t  
and c h e a p e s t  a l t e r n a t i v e ,  p a r t i c u l a r l y  when w e l l  mapped c i t y  s t r e e t s  and 
modern d a t a  p r o c e s s i n g  equipment make t h e  c o r r e c t i o n  problem s t r a i g h t -  
forward.  Many v e h i c l e s  a r e  a l r e a d y  equipped w i t h  two-way r a d i o ,  some 
w i t h  a u x i l i a r y  d e v i c e s  t h a t  w i l l  t r a n s m i t  a  s t o r e d  number on command 
( e . g . ,  l i n e  and r u n  number). Modi f ica t ions  t o  t r a n s m i t  c o o r d i n a t e s  would 
n o t  be  d i f f i c u l t .  The odometer is a v a i l a b l e  t o  t r a c k  d i s t a n c e  t r a v e l e d .  
The miss ing  e lements  a r e  a  dev ice  t o  compute t h e  v e h i c l e ' s  heading from 
t h e  s t e e r i n g  wheel and odometer and a  d e v i c e  t o  c o n v e r t  heading and d i s -  
t a n c e  t o  c o o r d i n a t e s .  Both may have been developed--in f a c t  t h e  second 
d e v i c e  is v e r y  s i m i l a r  i n  p r i n c i p l e  t o  a  l a t e  World War I 1  ins t rument ,  
t h e  A i r  P o s i t i o n  I n d i c a t o r .  
P o s s i b l e  S o l u t i o n s  
(Note: This  s e c t i o n  is i l l u s t r a t i v e  o n l y ,  and is no t  in tended t o  
b i a s  o t h e r  s o l u t i o n s  o r  avenues o f  approach . )  
The p r e f e r r e d  s o l u t i o n s  a r e  e x i s t i n g  d e s i g n s  o f  (1 )  a  mechanism 
t h a t  can  be  adapted t o  i n p u t  s t e e r i n g  wheel a n g l e  and speedometer s h a f t  
r o t a t i o n  and d e l i v e r  heading o u t p u t  a s  a  s h a f t  r o t a t i o n ,  and (2 )  a  mech- 
anism a d a p t a b l e  t o  i n p u t  head ing  and speedometer c a b l e  s h a f t  r o t a t i o n s  
and g e n e r a t e  X-Y c o o r d i n a t e s  i n  e i t h e r  a  mechanical  o r  e l e c t r o n i c  r e g i s t e r .  
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t h a t  appear  t o  be  a p p l i c a b l e  t o  t h e  problem. However, many r e l e v a n t  
r e f e r e n c e s  may not  have been i d e n t i f i e d  by t h i s  means, and any a d d i t i o n a l  
s u g g e s t i o n s  w i l l  b e  a p p r e c i a t e d .  
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PROBLEM STATEMENT 
Improved Braking Capabi l i ty  
What i s  Needed 
With i nc reas ing  speeds comes the  requirement f o r  improved braking 
c a p a b i l i t y .  I t  i s  necessary t h a t  a  system be devised t h a t  can f u l l y  
u t i l i z e ,  but not  exceed, t h e  t r a c t i v e  force  t h a t  can be sus ta ined  
without  s l i d e .  
Back ground 
The problem i s  t o  devise  a  high speed t r a n s i t  veh i c l e  braking system 
t h a t  w i l l  provide r e l i a b l e  and e f f e c t i v e  brak ing  wi th  minimum discomfort  
t o  t h e  passengers .  I n  most systems, braking u l t i m a t e l y  depends on ad- 
hesion,  which i s  t h e  f r i c t i o n  sus t a ined  between a  wheel and t h e  running 
s u r f a c e .  When s l i d i n g  occurs ,  t h e r e  i s  a  decrease  i n  the  t r a c t i o n  t h a t  
can be sus t a ined .  Therefore ,  i t  i s  important t h a t  t h e  braking system 
be con t ro l l ed  s o  a s  t o  u t i l i z e  f u l l y ,  but  not  exceed, the  t r a c t i v e  force  
t h a t  can be sus t a ined  without  s l i d e .  One approach used on a i r c r a f t  and 
cu r r en t1  y  being adapted f o r  automobile app l i ca t i on  i s  an an t i l ock  system 
whereby the  braking power does no t  exceed the  t r a c t i v e  o r  adhesive fo rce .  
A l t e rna t ive  m a t e r i a l s  a r e  being considered.  However, beryl l ium, 
a  prime contender ,  may have r e s t r i c t i v e  aspec ts  such as  c o s t ,  t o x i c i t y ,  
and cor ros ion .  
The var ious  forms of braking employed i n  t r a n s i t  systems may be 
c l a s s i f i e d  a s :  
* On t r ead  (shoe) 
* Off t r ead  ( d i s c )  
* Off t read  (drum, automatic) 
* Track, e l e c t r i c a l  o r  mechanical 
Auxi l ia ry  r a i l ,  e l e c t r i c a l  o r  mechanical 
* Aerodynamic 
* Dynamic (motor as  genera tor ,  energy d i s s i p a t e d )  
* Regenerative (motor as  genera tor ,  energy recovered) 
Rockets have been proposed but  r e j e c t e d  on mass t r a n s p o r t a t i o n  
veh ic l e s  because of t h e i r  s i z e  and c o s t .  Comparatively l i t t l e  d i r e c t  
comparison and eva lua t ion  of a1  t e r n a t i v e  braking s t r a t e g i e s  and equip- 
ment have been ca r r i ed  ou t .  
Cons t r a in t s  and S p e c i f i c a t i o n s  
The requirement is  f o r  a  braking system t h a t  w i l l  be p o s i t i v e  and 
r e l i a b l e .  The system i s  contrained by the  e f f e c t  on passenger comfort 
and by t h e  wear, replacement, and maintenance c o s t s .  
Pos s ib l e  So lu t ions  
(Note: This  s e c t i o n  is i l l u s t r a t i v e  only,  and i s  no t  intended t o  
b i a s  o t h e r  s o l u t i o n s  o r  avenues of approach. ) 
The fol lowing l i s t  of c a t e g o r i e s  i s  provided f o r  an i n i t i a l  s ea rch  
and i s  not  a l l - i n c l u s i v e .  The importance of t h i s  problem may cause new 
o r  novel i d e a s  t o  be generated.  
* Brakes ( f o r  a r r e s t i n g  motion)--Decelerators,  d r a g u l a t o r s ,  
speed brakes ,  a i r c r a f t  b rakes ,  wheel brakes,  veh i c l e  wheels, 
and r e t a r d e r s  (devices ) .  
* Transportation--Rail  t r a n s p o r t a t i o n .  
* Friction--Dry f r i c t i o n ,  f r i c t i o n a l  d rag ,  s l i d i n g  f r i c t i o n ,  
abras ion ,  energy d i s s i p a t i o n ,  mechanical impedance, su r f ace  
p r o p e r t i e s ,  t r a c t i o n ,  wheel brakes,  and su r f ace  roughness 
e f f e c t .  
0 E l e c t r i c  Connectors--Disconnect dev ices .  
For f u r t h e r  information or  d i s cus s ion  con tac t  
ilk. L. R .  Parkinson, S tanford  Research I n s t i t u t e  
Menlo Park, Ca l i fo rn i a  94025 
Area Code 415. 326-6200, Ext.  4478 
M r .  E .  C .  Wood, Stanford Research I n s t i t u t e  
Menlo Park, Ca l i fo rn i a  94025 
Area Code 415. 326-6200, Ext.  3652 
SRI/T-27 
January 1970 
PROBLEM STATEMENT 
Ref l ec t i ve  Signs 
\\'hat i s  Needed 
A m a t e r i a l  o r  a  coa t ing  f o r  r e f l e c t i v e  s igns  t h a t  w i l l  prevent t h e i r  
becoming i n e f f e c t i v e  when i n  an atmosphere of fog  o r  moisture i s  needed. 
A method i s  needed t h a t  w i l l  prevent  condensation on the  r e f l e c t i v e  s i g n  
su r f ace  o r  a  ma te r i a l  is  needed which w i l l  not  be a f f ec t ed  by su r f ace  
inois t u r e  . 
Background 
Ref l ec t i ve  s ign  m a t e r i a l s  a r e  rendered i n e f f e c t i v e  when t h e r e  i s  
moisture  on the  su r f ace .  One need but d r i v e  down a  fog  enshrouded high- 
way t o  app rec i a t e  the  need f o r  e f f e c t i v e  s igns .  I t  i s  unfor tuna te  t h a t  
i n  r a i n  o r  fog  when maximum warning time i s  most necessary ,  t he  presen t  
s i g n s  become i n e f f i c i e n t  t o  t h e  po in t  of becoming a  hazard because sudden 
awareness makes d r i v e r s  r e a c t  p r e c i p i t a t i o u s l y  under adverse road su r f ace  
condi t ions .  
Cons t r a in t s  and S o e c i f i c a t i o n s  
The p o t e n t i a l  hazards  t o  people would r equ i r e  i n v e s t i g a t i o n ,  but i t  
i s  a n t i c i p a t e d  t h a t  t h e s e  should not  be insurmountable.  Any required 
e x t e r n a l  power source may be a  c o n s t r a i n t  i n  some s i g n  l o c a t i o n s .  The 
p a r t i c l e  e m i t t e r  ( i f  r ad ioac t ive  ma te r i a l  i s  used) may be required t o  
have a  ha l f  l i f e  i n  excess  of 20 years .  Stront ium Z i t ana t e  may be 
app l i cab l e .  
Poss ib le  So lu t ions  
(Note:  This  s e c t i o n  is  i l l u s t r a t i v e  only,  and i s  no t  intended t o  
b i a s  o the r  s o l u t i o n s  o r  avenues of approach.) 
Tvo methods of approach a r e  ev ident .  One would be t o  prevent  moisture  
from forming o r  condensing on the  s i g n  su r f  ace. The second would be a  
r e f l e c t i v e  coa t ing  t h a t  would be unimpaired by t he  moisture .  
The formation of moisture  on the  su r f ace  of t he  s ign  may be precluded 
by  an e l e c t r o s t a t i c  charge whrch would r epe l  t he  water  d r o p l e t s .  A 
r ad ioac t ive  source ma te r i a l  might be placed i n  app rop r i a t e  a r ea s .  This  
has been suggested as  a  means of p revent ing  p r e c i p i t a t i o n  s t a t i c  on a i r -  
c r a f t .  The r a d i a t i o n  products  given o f f  a r e  pr imar i ly  be t a  rays .  Another 
p o s s i b i l i t y  i s  t h e  use  of alpha p a r t i c l e s ,  which could change t h e  charge 
o r  otherwise repel t h e  moisture.  
P l a s t i c  su r f ace  discharge by use of a  r ad ioac t ive  ma te r i a l  embedded 
i n  a  d i e l e c t r i c  s u r f a c e  i s  another  p o s s i b i l i t y .  I t  is repor ted  t h a t  3LI 
Nuclear Products Div is ion  is  manufacturing microspheres of polonium 210, 
an a lpha  source ,  i n  a  r e s i n .  I t  i s  not  known whether such an approach 
would be f e a s i b l e .  
Another p o s s i b i l i t y  i s  the use of an  ion-blower t h a t  would c r e a t e  
an ion ized  a i r  flow ac ros s  t h e  face  of the  s i g n  and thus  d i s s i p a t e  t h e  
moisture .  
The a l t e r n a t i v e  t o  d i s s i p a t i n g  the  mois ture  i s  a  pa in t  o r  su r f ace  
m a t e r i a l  t h a t  w i l l  r e t a i n  i t s  r e f l e c t i v e  q u a l i t i e s  d e s p i t e  s u r f a c e  water  
formation.  I t  may be t h a t  the  a b e r r a t i o n  caused by the  d r o p l e t s  can be 
converted i n t o  an a s s e t  even though t h e  con f igu ra t i on  of the b a s i c  s i g n  
l e t t e r s  may r e q u i r e  modi f ica t ion .  
Poss ib le  Search S t r a t e g y  
Finding a  s o l u t i o n  t o  t he  r e f l e c t i v e  s i g n  problem i s  one t h a t  i s  of 
most importance t o  every  d r i v e r ,  and i t  i s  an t i c ipa t ed  t h a t  some ingenious 
proposals  w i l l  r e s u l t  from t h i s  t a sk  s ta tement .  A s  an a id  t o  what may 
become a s y n e r g i s t i c  s o l u t i o n ,  t he  fo l lowing  sea rch  ca t ego r i e s  a r e  sug- 
ges ted ,  merely a s  a  s t a r t i n g  approach. I t  i s  no t  an t i c ipa t ed  t h a t  a l l  
c a t ego r i e s  w i l l  be i n  t h e  computer d a t a  bank. 
* Aberration--Crystal  o p t i c s ,  d i s t o r t i o n ,  s p a c i a l  f i l t e r i n g  
* Absorption--Continuous r a d i a t i o n ,  i o n i z i n g  r a d i a t i o n ,  photo 
luminescent ,  t r a n s m i s s i v i t y  
Acry l i c  Resins--Plastic,  s y n t h e t i c  
* Act in ide  Series--Radium i so topes  
Acui ty--Visual percept ion 
* Adaptive Fi l ters--Optical  
* Advection--Atmospheric c i r c u l a t i o n  
* Atmospheric Moisture--Water vapor,  r e f r a c t i o n ,  l i g h t  t ransmiss ion  
* ~ r i g h t n e s s - - o p t i c a l  p r o p e r t i e s ,  luminance v i s i o n ,  radiance 
Color--Optical properties, light,visibility 
Dispersion--Fog, nuclear emulsions, mist 
Displ ay--Visual 
Electronic Precipitators 
Flaking--Spalling, splitting, wear, peeling 
Flatness--Roughness, surface geometry 
Flat Surfaces--Surface properties, surfaces 
Gas Anal ysis--Gas composition, oxygen analyzers, exhaust gases 
Guidance--Map matching, homing devices 
Guidance Sensors--Optical measuring instruments 
Imager--Optical images, image intensifiers 
Indicators--Position indicators 
Ionization--Atmospheric, surface 
Light--Reflection, transmittance, visibility 
Light Scattering--Atmospheric 
Low Visibility--Haze 
Luminous Intensity--Brightness 
Measurement--Depth, acoustic, density, dimensional, flow, optical, 
photographic, comparators, moisture, profilometers 
Nondestructive Tests--Flaw detection 
Pressure Heads--Hydrostatic 
Pressure Measurements--Pressure sensors, weight indicators, 
pressure recorders 
Prisms--Prismatic bars 
* Prof i lometers-Surface  roughness 
* Radio i so topes  
* Radioluminous s o u r c e s  
@ Ref lectance--Surf ace  p r o p e r t i e s  
* Spa l l ing- -Frac tu r ing  
S u r f a c e  Properties--Roughness,  c r a c k s ,  d e f e c t s ,  coarseness  
Tunnel ing (excavat ion)--Construct ion,  d r i l l i n g ,  rocks  
For f u r t h e r  in fo rmat ion  o r  d i s c u s s i o n  c o n t a c t  
Mr.  L. R. Pa rk inson ,  S t a n f o r d  Research I n s t i t u t e  
Menlo Park ,  C a l i f o r n i a  94025 
Area Code 415. 326-6200, E x t .  4478 
Mr .  E .  C .  Wood, S t a n f o r d  Research I n s t i t u t e  
Menlo Park,  C a l i f o r n i a  94025 
Area Code 415. 326-6200, Ex t .  3652 
SRI/T-32 
January 1970 
PROBLEM STATEMENT 
Impact Data A n a l y s i s  
What is Needed 
Improved methods a r e  needed f o r  measuring and p r o c e s s i n g  a c c e l e r a -  
t i o n  d a t a  from impact t e s t s  between automobi les  and highway s t r u c t u r e s .  
Background 
Highway l a b o r  a t o r  i e s  t e s t  automobi les  and wayside s t r u c t u r e s - -  
s i g n p o s t s ,  guard r a i l s ,  e tc . - -under  impact t o  develop s t r u c t u r e s  o f f e r -  
i n g  d u r a b i l i t y  and maximum p r o t e c t i o n  t o  t h e  d r i v e r .  Most o f  t h e  s e n s o r s  
used i n  t h e s e  tests a r e  a c c e l e r o m e t e r s .  These d e v i c e s  a r e  used i n  many 
o t h e r  f i e l d s  a s  w e l l ,  and t h e  t echn iques  o f  app ly ing  them and o f  proces-  
s i n g  t h e  d a t a  d e r i v e d  a r e  i n  c o n s t a n t  development. 
There a r e  two a r e a s  o f  i n t e r e s t - - a p p l i c a t i o n  and d a t a  r e d u c t i o n .  
The f i r s t  invo lves  ins t rument  and system s e l e c t i o n ,  i n c l u d i n g  t h e  ac- 
ce le romete r  i t s e l f ,  s i g n a l  c o n d i t i o n i n g  equipment, m u l t i p l e x i n g  equip- 
ment, and r e c o r d i n g  equipment.  A l l  o f  t h i s  is a v a i l a b l e  commercially-- 
o n l y  advanced s t a t e - o f - t h e - a r t  in fo rmat ion  is needed. The second a r e a  
o f  i n t e r e s t  invo lves  d a t a  p rocess ing- -ana log- to -d ig i t a l  convers ion ,  
d i g i t a l  o r  numerical  f i l t e r i n g  a lgor i thms  and codes ,  F o u r i e r  a n a l y s i s  
and Four ie r  t r ans form computat  ion  and i n v e r s i o n ,  t e c h n i q u e s  f o r  d e t e r -  
mining and c o r r e c t i n g  n u l l  p o i n t  e r r o r ,  i n t e g r a t i o n  v e l o c i t y  and d i s -  
p lacement ,  
C o n s t r a i n t s  and S ~ s c i f i c a t i o n s  
In  g e n e r a l ,  v i b r a t i o n  s e n s o r s  and i n e r t i a l  n a v i g a t i o n  dev ices  a r e  
n o t  a p p l i c a b l e  t o  t h e  f i e l d .  Techniques used i n  n u c l e a r  and c o n v e n t i o n a l  
weapons t e s t i n g ,  r o c k e t  l aunch  measurements, human impact t o l e r a n c e  tests, 
e t c . ,  a r e  d i r e c t l y  a p p l i c a b l e .  
For f u r t h e r  in fo rmat ion  o r  d i s c u s s i o n  c o n t a c t  
M r .  E. C .  Wood, S t a n f o r d  Research I n s t i t u t e  
Menlo Park ,  C a l i f o r n i a  94025 
Area Code 415. 326-6200, E x t .  3652 
111 USER AGENCIES VISITED 
During t h i s  r e p o r t  per iod  t h e  team members v i s i t e d  t h e  fol lowing 
u s e r  agencies:  
Utah S t a t e  Div is ion  of Health 
S a l t  Lake C i t y ,  Utah 
Washington S t a t e  A i r  P o l l u t i o n  Control  Board 
S e a t t l e ,  Washington 
Los Angeles County A i r  P o l l u t i o n  Cont ro l  D i s t r i c t  
Los Angeles,  C a l i f o r n i a  
Statewide A i r  P o l l u t i o n  Research Center 
Univers i ty  of C a l i f o r n i a  a t  Rivers ide  
A i r  Resources Board 
S t a t e  of C a l i f o r n i a  Department of Pub l i c  Heal th  
Sacramento, C a l i f o r n i a  
S e a t t l e  P o l i c e  Department C r i m i n a l i s t i c s  Laboratory 
S e a t t l e ,  Washington 
S c i e n t i f i c  I n v e s t i g a t i o n  Div is ion  
Los Angeles P o l i c e  Department 
Los Angeles,  C a l i f o r n i a  
Laboratory of C r i m i n a l i s t i c s  of Santa  C la ra  County 
San J o s e ,  C a l i f o r n i a  
Southern C a l i f o r n i a  Rapid T r a n s i t  D i s t r i c t  
Los Angeles,  C a l i f o r n i a  
Highway Safe ty  Programs Off i c e  
Federa l  Highway Adminis t ra t ion ,  Region 7 
San Franc isco ,  C a l i f o r n i a  
Second Symposium on Rapid Excavation 
Sacramento S t a t e  Col lege 
Sacramento, C a l i f o r n i a  
D e t a i l s  of t h e s e  v i s i ' t s  a r e  given i n  t h e  appendix. 
I V  WESRAC SEARCHES 
Six teen  searches  on a i r  p o l l u t i o n  (AP), e leven on c r i m i n a l i s t i c s  (C), 
and f o u r  on t r a n s p o r t a t i o n  (T) were completed by WESRAC during t h e  r epo r t  
pe r iod .  The search  s t r a t e g i e s  were prepared by WESRAC. An average of 
about t h r e e  r e l e v a n t  documents were i d e n t i f i e d  f o r  each problem s ta tement ,  
w i th  t h e  range from zero  t o  t h i r t e e n .  These documents a r e  being ordered 
through WESRAC, and r e l e v a n t  r e f e r ences  a r e  being added t o  t h e  problem 
s ta tements .  The f a c t  t h a t  more t han  a month i s  necessary f o r  ob ta in ing  
hard cover cop ie s  of t h e  r e f e r ences  may cause a s i g n i f i c a n t  de lay  i n  
completing some problem s ta tements .  Microfiche cop ie s ,  however, a r e  
a v a i l a b l e  from WESRAC w i t h i n  about a week f o r  about one-third of t h e  
r e f e r ences ,  W e  a re  p repa r ing  problem s ta tements ,  wi th  r e f e r e n c e s ,  f o r  
d i s t r i b u t i o n  t o  NASA TUOs before  ob ta in ing  cop ie s  of t h e  documents. 
The searches  completed t o  d a t e  a r e  f o r  t h e  problem s ta tements  l i s t e d  
be low: 
AP-1 Measuring Stack Plume Opacity i n  Low Density Plumes 
AP-2 Monitoring React ive Hydrocarbon P o l l u t a n t s  i n  t h e  
Atmosphere 
AP-3 An Improved Method f o r  Monitoring Nitrogen Oxides i n  t h e  
Atmosphere 
AP-4 An Objec t ive  Method of Assessing Odors i n  t h e  Atmosphere 
AP-5 Measuring Continuously t h e  P a r t i c u l a t e  Background and t h e  
Source of Atmospheric P a r t i c u l a t e s  
AP-6 Analyzing Dispersed Aerosols  and Tracing t h e  Sources by 
I d e n t i f y i n g  The i r  Respect ive P a r t i c u l a t e  F rac t ion  
AP-7 Monitoring Organic Vapors i n  t h e  Atmosphere 
AP-8 Studying Aerosols  i n  t h e  Laboratory and t h e  Atmosphere 
AP-9 The Role of Aerosols i n  Smog Formations 
AP-10 A Rapid In spec t ion  Technique f o r  Tes t ing  Compliance 
of Motor Vehicles  wi th  Emission Standards 
AP-11 Monitoring of F luo r ides  i n  t h e  Atmosphere 
AP-12 Disposal  of Waste Wood 
AP-13 S t a b i l i z i n g  Waste P i l e s  Ar is ing  from Mining and Smelting 
Operat ions (no p e r t i n e n t  r e f e r ences  were ob ta ined  on t h i s  
s u b j e c t )  
AP-14 Continuous Measurement of Atmospheric Ozone 
AP-15 Development of an Atmospheric Beryllium Monitor 
AP-16 S u l f u r i c  Acid M i s t  C o l l e c t o r  
C-2 Determining Immunological P r o p e r t i e s  i n  Phys io log ica l  
Ma te r i a l s  
C-5 Cha rac t e r i z ing  and Ind iv idua l i z ing  Hai r  
C-6 Using E lec t ron  Microscopy i n  Ind iv idua l i z ing  B io log ica l  
Samples 
C-7 Automatic Comparison of Objects  and Photographs 
C-10 Determination of t h e  Age of Wri t ing i n  Documents 
C - 1 1  Cha rac t e r i za t i on  of Synthe t ic  F ibe r s  
C-12 Simple Ana ly t i ca l  Method f o r  Drugs 
C-13 E f f e c t  of Drugs on Driving A b i l i t y  
C-14 Immobilization of Bombs 
C-15 Cha rac t e r i za t i on  of Glass  
C-16 Metal Detec tors  
T-3 Derailment Detector  
Search No. 83-494 Cryogenic Re f r ige ra t i on  of W e t  s o i l *  
T-7 Improved Braking Capab i l i t y  
T-27 R e f l e c t i v e  Signs 
The r e s u l t s  of WESRAC searches  of problems AP-1 through AP-9, AP-11, 
and AP-12 w e r e  eva lua ted  t o  determine whether t h e  computerized f a c i l i t y  
was being used t o  i t s  f u l l  p o t e n t i a l  and t o  o b t a i n  background information 
* A sea rch  s t r a t e g y  was prepared i n  advance of problem statement  formula- 
t i o n  t o  determine whether t h e  c o s t s  of cryogenic  r e f r i g e r a t i o n  of wet 
s o i l  f o r  tunne l ing  and cons t ruc t ion  support  a r e  w i th in  reason.  
on t h e  methodology of s e l e c t i n g  p e r t i n e n t  r e f e r ences .  The r e s u l t s  of 
t h i s  eva lua t ion  a r e  d i scussed  below. 
Number of Relevant References I d e n t i f i e d  
The synopses of r e f e r ences  rece ived  from WESRAC have been reviewed 
by members of t h e  TAT, t o  i d e n t i f y  t hose  documents app l i cab l e  t o  s p e c i f i c  
problem s ta tements .  The searches  f o r  problems AP-1 through AP-9 have been 
reviewed independently by two members of t h e  TAT. The AP-11 and AP-12 
sea rch  r e s u l t s  have been reviewed by one member only.  The r e s u l t s  of t h i s  
review a r e  summarized below. 
Number of References 
Problem Number of References Considered Relevant 
No. i n  WESRAC Synopsis by TAT 
AP- 1 
AP- 2 
AP- 3 
AP- 4 
AP- 5 
AP- 6 
AP- 7 
AP- 8 
AP- 9 
AP-11 
AP- 12 
On t h e  average,  t h e  number of documents considered r e l evan t  by t h e  
TAT has  represen ted  20 percent  of t h e  number of documents included i n  
t h e  WESRAC synopses. The number of documents has  not  been co r r ec t ed  f o r  
d u p l i c a t i o n ,  i . e .  , a p p l i c a b i l i t y  t o  more than  one problem. 
The low p ropor t i on  of r e f e r ences  r epo r t ed  i n  t h e  WESRAC sea rch  t h a t  
a r e  considered p e r t i n e n t  by t h e  TAT is a mat te r  of concern,  p a r t i c u l a r l y  
because t h e  c r i t e r i o n  of pe r t i nence  used by t h e  TAT has  not  been ove r ly  
s t r i n g e n t .  
V a r i a t i o n  Between Reviewers 
To t e s t  f o r  v a r i a t i o n  between reviewers ,  WESRAC search  r e p o r t s  f o r  
problems AP-1 through AP-9 were reviewed independently by two members of 
t h e  TAT, wi th  each reviewer l i s t i n g  t hose  r e f e r ences  t h a t  he considered 
p e r t i n e n t  t o  each  p a r t i c u l a r  problem. R e s u l t s  a r e  shown below. The number 
of r e f e r e n c e s  a r e  t o t a l s  f o r  problems AP-1 through AP-9. 
A methodology f o r  t e s t i n g  f o r  v a r i a t i o n  between rev iewers  i s  being 
developed. 
Number 
of References  
T o t a l  l i s t e d  by KESRAC 
Judged p e r t i n e n t  by Reviewer A on ly  
Judged p e r t i n e n t  by Reviewer B o n l y  
Judged p e r t i n e n t  by b o t h  A and B 
Less t h a n  7 p e r c e n t  of t h e  r e f e r e n c e s  were judged p e r t i n e n t  by b o t h  
Reviewers A and B. Reviewer B judged 1 6  p e r c e n t  o f  t h e  r e f e r e n c e s  t o  be  
p e r t i n e n t ,  whereas Reviewer A judged on ly  11 p e r c e n t  a s  p e r t i n e n t .  Th i s  
d isagreement  between rev iewers  i n d i c a t e s  t h e  e x i s t a n c e  of d i f f e r e n c e s  i n  
c r i t e r i a  used f o r  judging r e l e v a n c e ,  and p o i n t s  t o  a  need f o r  r e f i n i n g  
and,  i f  p o s s i b l e ,  q u a n t i f y i n g  t h e s e  c r i t e r i a .  
D i f f i c u l t i e s  w i t h  t h e  WESRAC Search 
The fo remos t  problem h a s  been f a i l u r e  of t h e  WESRAC s e a r c h  procedure  
t o  f i n d  r e l e v a n t  r e f e r e n c e s .  The wors t  example of t h i s  d e f i c i e n c y  o c c u r r e d  
i n  t h e  c a s e  of problem AP-3, " ~ i t r o ~ e n  Oxide A n a l y s i s  i n  Smog." The 
WESRAC s e a r c h  r e v e a l e d  o n l y  f i v e  r e f e r e n c e s ,  and on ly  one of t h o s e  f i v e  
was c o n s i d e r e d  even marg ina l ly  u s e f u l  i n  t h e  judgment of t h e  TAT. How- 
e v e r ,  t h e  WESRAC s e a r c h  f o r  problem AP-2, "Detect ion and Ana lys i s  of Smog 
Components," t u r n e d  up f o u r  a d d i t i o n a l  r e f e r e n c e s  p o t e n t i a l l y  u s e f u l  f o r  
problem AP-3. Other  i n s t a n c e s  were a l s o  d i scovered  i n  which r e f e r e n c e s  
were l i s t e d  f o r  a  problem t o  which t h e y  were n o t  r e l e v a n t ,  b u t  n o t  l i s t e d  
f o r  a n o t h e r  problem t o  which t h e y  w e r e  r e l e v a n t .  
An a s s o c i a t e d  d i f f i c u l t y  i s  t h e  f a i l u r e  of t h e  WESRAC s e a r c h  p rocedure  
t o  e l i m i n a t e  some r e f e r e n c e s  t h a t  have n o t  t h e  s l i g h t e s t  a p p l i c a t i o n  t o  
t h e  problem s t a t e m e n t  under c o n s i d e r a t i o n .  Often t h e r e  appears  t o  be no 
r e l a t i o n  even t o  t h e  d e s c r i p t o r s  used i n  t h e  s e a r c h  s t r a t e g y .  I t  would 
be u s e f u l  i f  s e a r c h  s t r a t e g i e s  cou ld  b e  dev i sed  t h a t  were c a p a b l e  of 
b e t t e r  d i s c r i m i n a t i o n  i n  e l i m i n a t i n g  ex t raneous  r e f e r e n c e s .  
I t  appears  t h a t  i n  some c a s e s ,  IVESRAC s p e c i a l i s t s  pay i n s u f f i c i e n t  
a t t e n t i o n  t o  t h e  problem s ta tement .  Problem AP-12, "Disposal  of Waste 
Wood," s e r v e s  a s  an example. Although t h e  problem s ta tement  s p e c i f i c a l l y  
r e q u i r e s  a  s o l u t i o n  o t h e r  t h a n  b u r n i n g ,  t h e  s e a r c h  s t r a t e g y  of t h e  WESRAC 
s p e c i a l i s t s  inc luded  terms such a s  " i n c i n e r a t i o n "  and " i n c i n e r a t o r .  I t  
V DETAILED REVIEW OF REIXVANT REFERENCES 
The r o l e  of t h e  TAT i n  e v a l u a t i n g  r e f e r e n c e s  i s  c u r r e n t l y  being 
d e f i n e d .  Under c o n s i d e r a t i o n  i s  t h e  q u e s t i o n  of whether it  i s  d e s i r -  
a b l e  f o r  t h e  TAT t o  review i n  d e t a i l  r e f e r e n c e s  t h a t  appear ,  on r e a d i n g  
of t h e i r  a b s t r a c t s ,  t o  be  r e l e v a n t  t o  p a r t i c u l a r  problem s t a t e m e n t s .  
There  a r e  two ways i n  which such a d e t a i l e d  review of r e f e r e n c e s  
might be  u s e f u l .  F i r s t ,  i n f o r m a t i o n  would be  gained t h a t  would permi t  
enhancing t h e  c l a r i t y  and u s e f u l n e s s  of t h e  problem s t a t e m e n t s .  I n  
p a r t i c u l a r ,  it might be  p o s s i b l e  t o  o f f e r  a d d i t i o n a l  examples of pos- 
s i b l e  s o l u t i o n s .  Second, i t  might be  p o s s i b l e  t o  e s t i m a t e  t h e  proba- 
b i l i t y  of a s u c c e s s f u l  t r a n s f e r  be ing  accomplished.  Such an e s t i m a t e  
cou ld  be based on t h e  number of p e r t i n e n t  r e f e r e n c e s ,  t h e  number of 
independent  approaches found i n  t h e  l i t e r a t u r e  s e a r c h ,  and t h e  proba- 
b i l i t y  of s u c c e s s  of t h e  s e v e r a l  approaches .  
V I  FUTURE WORK 
Emphasis i n  t h e  t h i r d  q u a r t e r  w i l l  b e  on problem s o l v i n g  a f t e r  d i s -  
p e r s i n g  problem s t a t e m e n t s  throughout  t h e  NASA C e n t e r s .  We w i l l ,  however, 
c o n t i n u e  developing t r a n s f e r  methodology. Emphasis i n  t h e  f o u r t h  q u a r t e r  
w i l l  i n c l u d e  an e v a l u a t i o n  of t h e  t r a n s f e r  methodology developed t o  d a t e .  
A p p e n d i x  
REPORTS ON V I S I T S  TO USER AGENCIES  
TO : W. C. Thuman 
STANFORD RESEARCH INSTITUTE 
Date: November 10, 1969 
From:  R.  C, Robbins Location: 
Subject: NASA Technology U t i l i z a t i o n  
T r i p  Repor t s  October  27 t o  31, 1969 
Answering: 
October  27, 1969 
Utah S t a t e  D i v i s i o n  of H e a l t h  
S a l t  Lake C i t y ,  Utah 
Agency r e p r e s e n t a t i v e s :  D r .  G .  D .  Thompson, D i r e c t o r  
Utah S t a t e  D i v i s i o n  of H e a l t h  
D r .  G .  S. Winn, Ch ie f ,  A i r  Q u a l i t y  S e c t i o n  
D r .  Lynn Tha tcher  
TAT r e p r e s e n t a t i v e s :  R .  C. Robbins, W. C. Thuman 
NASA r e p r e s e n t a t i v e :  R. G. B i v i n s ,  Jr. 
Th i s  agency is  under c o n s i d e r a b l e  p u b l i c  p r e s s u r e  t o  reduce l o c a l  
a i r  p o l l u t i o n .  Many r e s i d e n t s  f o r m e r l y  l i v e d  i n  Los Angeles and moved 
t o  S a l t  Lake C i t y  t o  a v o i d  smog. They now s e e  p o l l u t i o n  b u i l d i n g  up 
a g a i n .  Also,  t h e  l o c a l  f a l l o u t  measurements g e t  i n t o  t h e  p r e s s  and a r e  
a  s u b j e c t  of g e n e r a l  concern .  
The Utah S t a t e  D i v i s i o n  of H e a l t h  has  s e v e r a l  unusua l  a i r  pollution 
problems. They were ve ry  p leased  t h a t  NASA Technology might h e l p  them 
w i t h  s o l u t i o n s  t o  t h e i r  problems. S u b j e c t s  d i s c u s s e d  t h a t  h a v e n ' t  been 
brought up by o t h e r s  a r e  g i v e n  below. 
The use  of b e r y l l i u m  i n  f u e l  mix tu res  of test r o c k e t s  i n  S a l t  Lake 
Va l l ey  poses  a  p o t e n t i a l  a c u t e  h e a l t h  hazard  f rom i n h a l a t i o n  of t o x i c  
b e r y l l i u m  compound a e r o s o l s .  Although d u r i n g  r o u t i n e  t e s t i n g  e s s e n t i a l l y  
a l l  of t h e  b e r y l l i u m  i s  t r a p p e d ,  e x p l o s i o n  o r  o t h e r  ma l func t ion  cou ld  
produce momentari ly h i g h  a e r o s o l  c o n c e n t r a t i o n s .  USDH needs con t inuous  
b e r y l l i u m  a n a l y s e s  t o  moni tor  t h e s e  t e s t  s i t e s .  
A p r a c t i c a l ,  e f f i c i e n t  method f o r  removal of $SO, m i s t  f rom e f f l u e n t  
g a s e s  is  needed.  The copper s m e l t e r s  of Utah produce more SO2 t h a n  copper .  
A l a r g e  f r a c t i o n  of t h i s  SO, i s  c o n v e r t e d  t o  s u l f u r i c  a c i d  by Contac t  
P r o c e s s  e q u i p m n t .  There i s  always r e s i d u a l  $SO, m i s t  i n  t h e  t a i l  g a s e s  
from t h e  Contac t  P rocess .  T h i s  produces  a  l a r g e  acd h i g h l y  v i s i b l e  plume. 
A method i s  needed t o  p reven t  wind e n t r a i n m e n t  of f i n e l y  d i v i d e d  s o l i d  
was tes ,  c o a l ,  and o r e s  f rom mining and s m e l t i n g  o p e r a t i o n s ,  i n c l u d i n g  uranium 
t a i l i n g s .  These mine t a i l i n g s  and s m e l t e r  s l a g s  accumulate a t  r a p i d  r a t e s  
and a r e  u s u a l l y  i n  t h e  form of f i n e  powders. Where c o n t r o l  of t h i s  blowing 
d u s t  i s  a t t empted ,  i t  i s  u s u a l l y  i n  t h e  form of r e p e a t e d  o r  con t inuous  w e t t i n g .  
The t r e a t m e n t  is not very  e f f e c t i v e  and b e t t e r  !wthods f o r  s t a b i l i z i n g  t h e s e  
o r e ,  c o a l ,  and t a i l i n g  p i l e s  a r e  needed. 
A method i s  needed t o r  measuring PAN ( p e r o x y a c e t y l  n i t r a t e ) .  T h i s  
i s  a l r e a d y  becoming a  p u b l i c  r e l a t i o n s  problem--another example of how 
p u b l i c  p r e s s u r e  can  determrne t h e  d i r e c t i o n  of R&D. 
The d i s p o s a l  of automobi les  has  become a  nat ion-wide problem. Open 
burning i s  i l l e g a l  i n  S a l t  Lake C i t y ,  compaction i s  n o t  f e a s i b l e ,  and 
equipment t o  sh red  c a r s  c o s t s  i n  t h e  r e g i o n  of $3,000,000. I n c i n e r a t i o n  
i s  p r e s e n t l y  t h e  o n l y  a l t e r n a t i v e ,  though no t  a  s a t i s f a c t o r y  one. 
D r .  Thompson brought  up a  s u b j e c t  i n  t h e  highway s a f e t y  c a t e g o r y .  
They a r e  i n t e r e s t e d  i n  o b t a i n i n g  t h e  "anatomy1' of a u t o  a c c i d e n t s .  He 
would l i k e  us t o  g e t  i n  t o u c h  w i t h  him. E .  C. Wood w i l l  c a l l  D r .  Thompson 
t o  i n i t i a t e  d i s c u s s i o n .  
October 28 .  1969 
Washington S t a t e  A i r  P o l l u t i o n  C o n t r o l  Board 
S e a t t l e ,  Washington 
Agency r e p r e s e n t a t i v e s :  M r .  P e t e r  W. H i l d e b r a n d t ,  A s s i s t a n t  D i r e c t o r  
Washington S t a t e  A i r  P o l l u t i o n  C o n t r o l  Board 
D r .  Henry Droege, C h i e f ,  D i v i s i o n  of Eng ineer ing  
and Compliance 
TAT r e p r e s e n t a t i v e s :  R ,  C .  Robbins, W. C. Thuman, A. H. Sanluel 
NASA r e p r e s e n t a t i v e :  R .  G. B i v i n s ,  J r ,  
Th i s  agency s e r v e s  t h e  e r i t l r e  s t a t e .  They have jurisdiction over  
a u t o s  and K r a f t  m i l l s ,  and i n  t h e  f u t u r e  t h e y  w i l l  ex tend  t h i s  jurisdiction 
t o  i n c l u d e  o t h e r  s t a t e - w i d e  a i r  p o l l u t i o n  problems such  a s  t h o s e  p r e s e n t e d  
by aluminunl and s u l f i d e  i ~ ~ i l l s .  I n  a d d i t i o n ,  they h a n c ~ l e  a l l  probletils f o r  
t h e  l e s s  populous 50% of c o u n t i e s  t h a t  do  no t  have l o c a l  a l r  p o l l u t i o n  
boards .  Although t h e y  a r e  i n  r o u t i n e  c o n t a c t  w i t h  NAPCA ( th rough  t h e  NBPCA 
r e p r e s e n t a t i v e  i n  San F r a n c i s c o ) ,  they  have had d i f  f l c u l t y  i n  o b t a i n i n g  
answers t o  s p e c i f i c  problems. They were q u i t e  i n t e r e s t e d  i n  o b t a i n i n g  h e l p  
i n  problem s o l v i n g  th rough  NASA-TUD. The s t a t e  h a s  l a b o r a t o r i e s  f o r  moni- 
t o r i n g  and r e l a t e d  a c t i v i t i e s ,  whi le  l o c a l  a g e n c i e s  have j ~ r i s d i c t i ~ n  o v e ~ .  
c o n t r o l  of about  90% of t h e  s o u r c e s .  
Again, t h e y  emphasized t h e  p r e s s u r e  p laced on them by t h e  p u b l i c  t o  
c o n t r o l  major s o u r c e s .  Out of 1,300,000 t o n s  of t o t a l  p o l l u t a n t ,  900,000 
t o n s  come from t r a n s p o r t a t i o n  sources ,  and p r e s s u r e  t o  c o n t r o l  automobi les  
i s  i n c r e a s i n g .  
There is  a  need f o r  a non-po l lu t ing  method f o r  d i s p o s a l  of wood was te .  
C u r r e n t  i n c i n e r a t i o n  methods produce smoke and o t h e r  p o l l u t a n t s  which s e r i -  
o u s l y  a f f e c t  t h e  v i s i b i l i t y  o v e r  wide a r e a s .  The v i s i b i l i t y  problem seeills 
t o  be t h e  most t roublesome a i r  p o l l u t i o n  problem i n  the  S e a t t l e  a r e a  today,  
and \\food waste burning is  t h e  l a r g e s t  c o n t r i b u t o r .  The a t t i d u d e  i s  c u r r e n t l y  
changing from burn ing  t o  u t i l i z a t i o n  of wood waste  p roduc t s .  
There  is  a  need f o r  a  s a t i s i a c t o r y  method of meaaurlng o x i d a n t  i n  
a n  atmosphere c o n t a i n i n g  s u l r u r  d i o x i d e .  A relatively h l g h  c o n c e n t r a t i o n  
ot  SO2 produces n e g a t i v e  i n t e r f e r e n c e s  i n  t h e  o p e r a t i o n a l  K I  nlethods of 
o x ~ d a n t  measurement. In hdshLngt0n s t a t e  an SO, s c r ~ b b u l '  i s  added ahead 
ol t h e  o x i d a n t  a n a l y z e r ,  b u t  t h e  sc rubber  may a i t t c ~  t n e  o x l d a n t  nleasure- 
nlents. I f  i t  can be c o n c l u s i v e l y  proved t h a t  t h e  scrulsber has  no e f f e c t  
on o x i d a n t  measurement, t h i s  would be one probleia s o l u t l o n .  
The d i s p o s a l  of a u t o s  was d i s c u s s e d  aga in .  A t  p r e s e n t  t h e y  a r e  burned, 
c r e a t i n g  an a i r  p o l l u t a o n  problem. Burning w i l l  be 1 1 1 ~ g a 1  i n  1970. 
Alumxna d u s t  and c r y o l i t e  a r e  becoming a  pollution problem a s  aluminum 
p r o d u c t i o n  i n c r e a s e s .  Although t h i s  problem i s  ail impor tan t  l n d u s t r l a l  
cnr;aizeering problem, it 1s l , l<hly  u n l i k e l y  t h a t  a b o l u t l o n  could  Ile found 
an t h e  NASA d a t a  r e s o u r c e s .  
There i s  a  g r e a t  need f o r  rnexpensive  moni to r ing  a p p a r a t u s  t h a t  can 
be s t a n d a r d i z e d  t o  r e l a t e ,  f o r  i n s t a n c e ,  p o l l u t i o n  l e v e l s  i n  Washington 
and C a l i f o r n i a .  
October  29 ,  1969 
Los Angeles County A i r  Pollution C o n t r o l  D i s t r i c t  
Los Angeles,  C a l i f o r n i a  
Agency r e p r e s e n t a t i v e :  Mr. Rober t  L. Chass,  Chief Deputy A i r  P o l l u t i o n  
C o n t r o l  O f f i c e r  
TAT r e p r e s e n t a t i v e s :  K .  C. Kobbins, W. C. Thuman 
NASA r e p r e s e n t a t i v e :  R. G. B i v i n s ,  Jr. 
M r .  Chass was r a t h e r  s k e p t i c a l  about o b t a i n i n g  d i r e c t  h e l p  w i t h  h i s  
problems of a i r  p o l l u t i o n  c o n t r o l  f rom NASA Technology. H e  s a i d  t h 2 t  t h e  
people  i n  t h e  LAAPCD a l r e a d y  have a c c e s s  t o  a l l  of t h e  i n f o r m a t i o n  s o u r c e s  
t h a t  they  r e q u i r e .  Although he recogn ized  t h e  r o l e  NASA t e c h n o l o g i c a l  
t r a n s f e r  might t a k e  i n  t h e  development of new and improved a i r  p o l l u t i o n  
i n s t r u m e n t a t i o n ,  he f e l t  t h a t  NASA Technology should  work d i r e c t l y  w i t h  
t h e  i n s t r u m e n t  ~ n a n u f a c t u r e r s ,  The LAAPCD h a s  t h e  r e s p o n s i b i l i t y  of con- 
r r o l l i n g  s t a t i o n a r y  s o u r c e  e ln iss ions  and i n  a d d i t i o n  t h e y  a s s i s t  t h e  
C a l i f o r n i a  A i r  Resources  Board i n  t h e  p o l i c i n g  and c o n t r o l  of a u t o  ex- 
h a u s t  emiss ions .  V i r t u a l l y  a l l  of t h e  c u r r e n t  problems i n  Los Angeles 
a r e  r e l a t e d  t o  a u t o  emiss ions  and have been recogn ized  and d e f i n e d  f o r  
a number of y e a r s .  
M r .  Chass w i l l  c o n t a c t  h i s  technical people  i-I t h e  LAAPCD t o  de- 
ternl ine  whether o r  n o t  they  have c u r r e n t  p rob le~ns  t h a t  the  NASA anforma- 
t i o n  bank might h e l p  s o l v e .  
October 30, 1969 
Statewide A i r  P o l l u t i o n  Research Center 
Univers i ty  of C a l i f o r n i a  a t  Rivers ide  
Agency r e p r e s e n t a t i v e s :  D r .  0. C. Taylor,  Acting Di r ec to r  
D r .  Edgar Stevens 
TAT r e p r e s e n t a t i v e s :  R .  C.  Robbins and W. C. Thuman 
The Center  w a s  e s t a b l i s h e d  i n  1961 t o  br ing a  focus t o  a  wide v a r i e t y  
of a i r  p o l l u t i o n  s t u d i e s  previously conducted independently on s e v e r a l  U.C. 
campuses. I t  has become the  b a s i c  and long-range a i r  p o l l u t i o n  research  
art11 f o r  the  S t a t e  of C a l i f o r n i a ,  and i n t e r f a c e s  i n  an important manner 
with a l l  major publ ic  s e c t o r  a i r  p o l l u t i o n  agencies  i n  Ca l i fo rn i a .  The 
s taPf  is  highly s o p h i s t i c a t e d  concerning the needs of C a l i f o r n i a  a i r  po l -  
l u t i o n  c o n t r o l  agencies ,  and consequently t he re  was cons iderab le  over- 
lapping of problems with those we have discussed a t  meetings with o ther  
c o n t r o l  agencies .  There w e r e ,  however, s e v e r a l  d i s c r e t e  problem areas  
tha t  were emphasized. They a r e  descr ibed b r i e f l y  below. 
A method i s  needed f o r  continuous, o r  quasi-continuous, ana lys i s  of 
f l u o r i d e  gases  i n  the atmosphere. F luor ides  a r e  extremely t o x i c  t o  animals 
and p l a n t s  and a r e  normally presen t  i n  t he  s t ack  emissions of aluminum and 
s t e e l  m i l l s .  Although a  method has been developed based on f l u o r e s c e n t  
quenching and i s  c u r r e n t l y  i n  use, a  more s e n s i t i v e  method with no i n t e r -  
f e r ence  i s  des i r ed .  The minimum c a p a b i l i t y  acceptab le  i s  d e t e c t i o n  of 
0 .1  p a r t  per b i l l i o n  and a  measurement a t  l e a s t  every 15 minutes. 
A method i s  needed f o r  the  continuous ana lys i s  of n i t r i c  oxide i n  
t h e  atmosphere. A l l  p resen t  methods a r e  based on t h e  ox ida t ion  of n i t r i c  
oxide (NO) t o  n i t rogen  d ioxide  (NO2), followed by measurement of t h e  NO2 
formed. None of t he se  methods is  s a t i s f a c t o r y .  This  i s  an e s p e c i a l l y  
d i f f i c u l t  problem because t h e  chemical and physical  p rope r t i e s  of NO 
suggest  no obvious high s e n s i t i v i t y  approach t o  de t ec t i on .  
A i r  Resources Board 
S t a t e  of C a l i f o r n i a  Department of Pub l i c  Heal th  
Sacramento, C a l i f o r n i a  
Agency r e p r e s e n t a t i v e s :  Mr. G .  J. Taylor,  Deputy Executive Of f i ce r  
TAT r e p r e s e n t a t i v e s :  R. C. Robbins and W. C .  Thurnan 
Mr. Taylor expressed a  somewhat d i f f e r e n t ,  more pragmatic approach 
t o  a i r  p o l l u t i o n  problems than we have encountered elsewhere.  He i s  
gene ra l l y  more i n t e r e s t e d  i n  what you can change i n  t h e  atmosphere and 
how you can eva lua t e  t h e  change, r a t h e r  than i n  what 's  happening i n  t he  
- 
atmosphere. H e  i s  i n t e r e s t e d  i n  manipulable ideas--not,  f o r  ins tance ,  
i n  meteorology per s e  which i s  non-~nanipulable.  He is ,  though, in te res ted  
i n  problems r e l a t e d  t o  t h e  r o l e  of meteorology i n  po l lu t i on .  
Mr. Taylor  t a lked  about t he  gene ra l  problem areas  involved i n  dea l ing  
with a i r  po l lu t i on .  F i r s t  and most important i s  the  perennia l  i n s t r u -  
mentation a rea .  I n  common with every o t h e r  a i r  p o l l u t i o n  c o n t r o l  agency, 
the  C a l i f o r n i a  ARB needs improved, l e s s  expensive, continuous ana lyzers  
f o r  s t a t i s t i c a l  eva lua t ion  of atmospheric composition o r  a i r  q u a l i t y .  
Although t h e r e  i s  a  l a r g e  amount of information concerning smog re -  
a c t i o n s  i n  the atmosphere, much of t h i s  information i s  based on chamber 
s t u d i e s .  The use of l a rge  voluines of an a i r  shed f o r  atmospheric chemistry 
s t u d i e s  may provide information unobtainable  by any o ~ h e r  means. 
Long-term a i r  p o l l u t i o n  e f f e c t s  a r e  not  we l l  understood. For example, 
t he re  i s  some i n d i c a t i o n  t h a t  eye i r r i t a t i o n  i s  decreasing r e l a t i v e  t o  
the  o t h e r  smog parameters,  i . e . ,  v i s i b i l i t y  reduct ion,  p lan t  damage, and 
oxidant  concent ra t ion .  I f  t h i s  e f f e c t  i s  r e a l ,  i s  it due t o  a  change i n  
hunlan response o r  t o  change i n  atmospheric chemistry'.' 
W e  w i l l  maintain con tac t  wi th  M r .  Taylor and t h e  ARB and analyze 
these  gene ra l  problem a r e a s  i n  terms of pos s ib l e  appl icab le  a i r  p o l l u t i o n  
problems. 
TO W, C. Thuman 
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The S e a t t l e  C r i m i n a l i s t i c s  Laboratory  i s  a t t a c h e d  t o  t h e  C i t y  P o l i c e  
D e p a r t m n t  and i s  l o c a t e d  i n  r a t h e r  inadequa te  q u a r t e r s  i n  t h e  P u b l i c  
S a f e t y  Bui ld ing .  I t s  c i v i l i a n  head, M r .  George G. I s h i i ,  i s  t h e  o n l y  f u l l  
p r o f e s s i o n a l  (B.S. l e v e l ) .  H i s  a s s i s t a n t s  a r e  e s s e n t i a l l y  t e c h n i c i a n s .  
He hand les  about  3,000 c a s e s  per  year ,  ~ l los t ly  r o u t i n e .  Th is  l a b o r a t o r y  
i s  r i p e  f o r  expansion.  
M r .  I s h i i  brought t o  t h e  i n t e r v i e w  M r .  J a n  Beck, an examiner of 
ques t ioned  documents who p r a c t i c e s  a s  a  p r i v a t e  c o n s u l t a n t  i n  S e a t t l e  
but who obv ious ly  works c l o s e l y  w i t h  Mr. I s h i i .  
M r .  I s h i i ' s  a t t i t u d e  towards technology t r a n s f e r  was extremely p o s i -  
t i v e .  On s e v e r a l  occas ions  i n  t h e  course  of t h e  i n t e r v i e w  he s a i d  t h a t  
such an e f f o r t  was l o n g  overdue and expressed  h i s  w i l l i n g n e s s  t o  c o o p e r a t e  
i n  f i n d i n g  and t r y i n g  ou t  p o t e n t i a l  i t e m s  of technology t r a n s f e r .  On t h e  
o t h e r  hand, an  o b j e c t i v e  assessment  must c a s t  some doubt on h i s  a b i l i t y  
t o  c o l l a b o r a t e  i n  terms of f a c i l i t i e s  and s t a f f  time. I t  i s  i l l u s t r a t i v e  
of h i s  o b j e c t i v e  l i m i t a t i o n s  t h a t  p a r t  of t h e  i n t e r v i e w  had t o  be h e l d  
i n  a  c o f f e e  shop f o r  l ack  of a  s u i t a b l e  o f f i c e  i n  t h a t  b u i l d i n g .  
A f t e r  an i n t r o d u c t o r y  s t a t e m e n t  by Roy Biv ins ,  t h e  i n t e r v i e w  tu rned  
t o  t h e  s p e c i f i c a t i o n s  of problems s u i t a b l e  f o r  technology t r a n s f e r  . The 
f i r s t  problem xent ioned was t h a t  of blood typ ing  i n  blood s t a i n s  and 
d r i e d  blood, which has a l r e a d y  engaged our a t t e n t i o n .  The nex t  s u b j e c t  
of d i s c u s s i o n  was t h e  coding of b u l l e t s  and toolmarks .  I n  e a c h  case ,  
3 code- -pre fe rab ly  d i g i t a l - - i s  d e s i r e d  which w i l l  enab le  t h e  c o n s t r u c t i o n  
of a  c e n t r a l  r e g i s t e r ,  the  exchange of in fo rmat ion ,  and t h e  i d e n t i f i c a t i o n  
of a  b u l l e t  o r  toolmark wi thout  t h e  p h y s i c a l  t r a n s f e r  of t h e  ev idence ,  
The growing m o b i l i t y  of c r i m i n a l s  makes nat ionwide r e g i s t r y  even more 
e s s e n t i a l .  One d i f f i c u l t y  t h a t  was mentioned was the  change i n  gun 
b a r r e l s  a s  they  a r e  used. P i c t u r e  t r a n s m i s s i o n  was sugges ted  a s  one 
p o s s i b l e  t echn ique .  
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Mr. Beck then d iscussed  problems i n  t he  a r ea  of documents. One of 
these  problems is the  reading and record ing  of impressions on second 
shee t s .  The use of b a l l p o i n t  pens has increased  the  average depth of 
such  impressions.  The method i n  g r e a t e s t  c u r r e n t  use i s  photography 
under graz ing  i l l umina t ion ,  Pe r f ec t i on  of a  r e p l i c a  system i s  des i r ed .  
A l l  methods must be nondestruct ive.  I t  was suggested t h a t  image enhance- 
ment methods such a s  those used by NASA on t h e  Mariner photos might be 
used. 
I t  was a l s o  s t a t e d  t h a t  no method e x i s t s  a t  t h i s  t i m e  f o r  determining 
the  age of inks.  This  a p p l i e s  p a r t i c u l a r l y  t o  b a l l p o i n t  pen inks.  Dyes 
i n  these  i nks  do not change co lo r  with time r a p i d l y  o r  reproducibly.  How- 
eve r ,  t h e r e  a r e  c e r t a i n l y  v o l a t i l e  c o n s t i t u e n t s  which should be measurable. 
An added c o n s t r a i n t  i s  t h a t  a l l  techniques r e l a t i n g  t o  documents must be 
nondes t r u c t  i ve  . 
Another p o t e n t i a l  a r ea  of i n v e s t i g a t i o n  i s  a n a l y s i s  of t he  handwriting 
i t s e l f .  The sc i ence  of handwriting a n a l y s i s  i s  based on the  concept of 
i d e n t i t y  e lements  i n  handwriting and i s  350 years  old.  I t  has no t  been 
poss ib l e  t o  formulate  i t s  p r i n c i p l e s  and i t  is  taught  by app ren t i ce sh ip  
only.  M r .  Beck s t a t e d  t h a t  handwriting was a f f e c t e d  by d i sease  (espe-  
c i a l l y  Park inson ' s  d i s ea se ) ,  s e n i l i t y ,  a lcohol ,  and o ther  drugs.(However, 
i n  our Los Angeles meeting an oppos i te  view was expressed.)  Comments were 
a l s o  made on word frequency ana lys i s  a s  a  means of e s t a b l i s h i n g  au thorsh ip .  
Returning t o  c r i m i n a l i s t i c s  proper,  t h e  problem of i n d i v i d u a l i z a t i o n  
was aga in  brought up. I n  a l l  i n v e s t i g a t i o n s  i t  i s  not only necessary t o  
determine t h e  na tu re  of a  mater ia l ,  but a l s o  t o  f i n d  enough po in t s  of 
s i n g u l a r i t y  t o  e s t a b l i s h  a  high p r o b a b i l i t y  t h a t  it  has t he  same o r i g i n  
as  a  r e f e r ence  sample. Among t h e  ma te r i a l s  mentioned f o r  which t h i s  cannot 
ye t  be done were: 
- Hai r .  Very l i t t l e  is known about v a r i a t i o n  of d i f f e r e n t  h a i r s  
on one ind iv idua l .  
- Fibe r s .  I n  p a r t i c u l a r ,  s y n t h e t i c  f i b e r s  have l i t t l e  v a r i a t i o n  when 
viewed under the  microscope. Dye c h a r a c t e r i z a t i o n  methods a r e  r e -  
qu i red .  
- Plas t e rboa rd .  X-ray d i f f r a c t i o n  has been t r i e d .  
- F i r e c l a y  (from s a f e s ) .  Traces a r e  of t e n  found on bu rg l a r s  ' t o o l s  
bu t  cannot be c o r r e l a t e d  s a t i s f a c t o r i l y  wi th  t he  source ma te r i a l .  
The use of t r a c e r s  (on b u l l e t s ,  s t i l l s ,  dangerous drugs)  was a l s o  
discussed.  One poss ib ly  r e a l i s t i c  plan i s  t o  add t r a c e r  p a t t e r n s  t o  l ead  
used f o r  re loading  of s h e l l s .  
The need f o r  f a s t  a n a l y t i c a l  methods f o r  drug a n a l y s i s  was discussed.  
The r e f e r ence  is  t o  samples of drugs r a t h e r  than t o  the  more d i f f i c u l t  
e s t ima t ion  of drugs i n  b i o l o g i c a l  samples. The S e a t t l e  Laboratory does 
not even have a  gas  chromatograph but apparen t ly  uses  th in- layer  chromato- 
graphy (TLC) with good success .  Ana ly t i ca l  methods f o r  drugs s u i t a b l e  f o r  
small  l a b s  lack ing  expensive equipment may t u r n  out  t o  be a  g o d  technology 
t r a n s f e r  item. 
October 29,  1969 
S c i e n t i f i c  I n v e s t i g a t i o n  D l v i s i o n  
Los Angeles P o l i c e  Department 
Los Angeies, C a l i f o r n i a  
Agency r e p r e s e n t a t i v e s :  Capt.  Don Mart in ,  Head of SID 
Lt .  Donald Mann, i n  charge  of c r i m i n a l i s t i c s  s e c t i o n  
TAT r e p r e s e n t a t i v e s :  A. H. Santuel, R .  C. Robbins, W. C. Thuman 
NASA r e p r e s e n t a t i v e :  R.  G. B i v i n s ,  Jr. 
The S c i e n t i f i c  I n v e s t i g a t i o n  D i v i s i o n  of t h e  Los Angeles P o l i c e  Depar t -  
ment c o n s i s t s  of s i x  s e c t i o n s :  
1. L a t e n t  P r i n t  I d e n t i f i c a t i o n .  Only f o r  identification of f i n g e r -  
p r i n t s  found i n  t h e  c o u r s e  of  i n v e s t i g a t i o n .  Does n o t  ma in ta in  
r e g u l a r  f i n g e r p r i n t  f i l e s .  
2. Photography. A l l  on-scene photography e x c e p t  a c c i d e n t s .  
3 .  Polygraph.  Used a s  i n v e s t i g a t i v e  t o o l  even though ev idence  i s  
u s u a l l y  i n a d m i s s i b l e .  
4. E l e c t r o n i c s  and Sound Recording.  
5. Ques t ioned  Documents. 
6. C r i m i n a l i s t i c s  ( i n  t h e  narrow s e n s e )  w i t h  t h e  f o l l o w i n g  s p e c i a l -  
i z a t  i o n s  : 
a.  N a r c o t i c s  and Drug A n a l y s i s  
b. Blood Alcohol  
c .  Comparative ( t o o l  marks, e t c . )  
d. F i rea rms  and Exp los ives  
e .  Survey Uni t  (makes ground p l a n s  and drawings)  
The e n t i r e  D i v i s i o n  i s  one of t h e  l a r g e s t  c r i m i n a l i s t i c s  ( i n  t h e  b roader  
s e n s e )  o p e r a t i o n s  i n  t h e  c o u n t r y  i n  s t a f f ,  budget,  and c a s e  load .  We d i d  n o t  
speak t o  any c i v i l i a n  s t a f f  members. The p o l i c e  f o r c e  members we i n t e r v i e w e d  
were obv ious ly  men of long e x p e r i e n c e  and a l s o  had a  g r e a t  d e a l  of t h e o r e t i c a l  
i~ackground.  
Unl ike  o t h e r  f a c i l i t i e s  v i s i t e d ,  t h e  LAPD has  a l r e a d y  c o l l a b o r a t e d  w i t h  
ae rospace  a g e n c i e s ,  i n c l u d i n g  JPL and p r i v a t e  ae rospace  companies, but  h a s  
not  s o  f a r  s e e n  any th ing  they  could  adopt .  One of t h e  s u b j e c t s  under con- 
s i d e r a t i o n  i s  a  comple te ly  au tomat ic  method f o r  c l a s s i f i c a t i o n ,  r e g i s t r a t i o n ,  
and retrieval of f i n g e r p r i n t s .  T h i s  must t a k e  accaun t  of t h e  t o p o l o g i c a l  
b a s i s  of f i n g e r p r i n t  i d e n t i f i c a t i o n ,  i. e . ,  f i n g e r p r i n t s  may vary  i n  coverage 
( a r e a  of f i n g e r  r e g i s t e r i n g )  o r  even i n  s i z e  (according t o  t h e  p r e s s u r e  
a p p l i e d )  but  on ly  t h e  r e l a t i v e  positions of f e a t u r e s  i n  terms of number of 
1,idges ( n o t  i n c h e s )  count  f o r  c h a r a c t e r i z a t i o n .  
J. H ,  Wedstein a t  NBS 1s c u r r e n t l y  t r y i n g  t o  deve lop  such a  method but  
15 some d i s t a n c e  from s u c c e s s .  There would seem t o  be a  p o s s i b i l i t y  of 
technology t r a n s f e r  he re .  
Another a r e a  of p o t e n t i a l  technology t r a n s f e r  is work which may have 
been done by NASA on t h e  e f f e c t s  of d rugs .  A t  p r e s e n t  t h e  p o l i c e  have no 
a u t h e n t i c  d a t a  on the  c o r r e l a t i o n  of drug l e v e l s  i n  t h e  blood and d r i v i n g  
~ b i l i t y ,  and would t h e r e f o r e  welcome any e x p e r i m e n t a l  d a t a  on impairment 
of f u n c t i o n s  such  a s  r e a c t i o n  t ime  and motor a b i l l t y .  Also,  d a t a  a r e  
sought on s y n e r g i s t i c  e f f e c t s  of d rug  combinat ions  o r  of d rugs  and a l c o h o l .  
We d i s c u s s e d  blood t y p i n g  r a t h e r  f u l l y .  T h i s  l a b o r a t o r y  has  performed 
t y p i n g  of d r i e d  blood beyond t h e  A-B-0 t y p i n g ;  Lt .  Mann s t a t e d  t h a t  t h e y  
could  do M/N and S / s  t y p i n g .  I b e l i e v e  t h i s  i s  unique.  L t .  Mann s t a t e d ,  
ho\i8ever, t h a t  t h e r e  were s t i l l  d i f f i c u l t i e s  w i t h  t h e  s i m p l e r  typ ing .  I n  
p a r t i c u l a r ,  when no a g g l u t i n a t i o n  i s  o b t a i n e d ,  t h e r e  i s  sometimes doubt 
u h e t h e r  t h i s  i s  an i n d i c a t i o n  of "0" group ing  o r  merely means t h a t  t h e  
s ~ m p l e  i s  t o o  o l d  t o  g i v e  any a g g l u t i n a t i o n  r e a c t i o n .  
T a i l i n g  d e v i c e s  f o r  c a r s  were chen d i s c u s s e d  and a  need f o r  two k i n d s  
of d e v i c e s  was e x p r e s s e d :  ( 1 )  a  cheap (up t o  $25)  non-reusable  d e v i c e  
t h a t  can  be a t t a c h e d  inconsp icuous ly  t o  a  c a r  and a l low it  t o  be fo l lowed  
t ~ y  a n o t h e r  c a r .  T h i s  ~ t o u l d  probably  use  t h e  RF spect rum bu t  might i n v o l v e  
UV, IR, o r  u l t r a s o n i c s ;  and (2 )  a mark t h a t  c a n  be put  inconsp icuous ly  on 
t h e  roof of a  c a r  and a l l o w  it t o  be fo l lowed  by a  h e l i c o p t e r .  A p o s s i -  
b i l i t y  would be a  f l u o r e s c e n t  c o l o r l e s s  s o l u t i o n  t h a t  cou ld  be p a i n t e d  o r  
sprayed on t h e  roof and i n t e r r o g a t e d  by a  UV beam from t h e  h e l i c o p t e r .  
( S i n c e  t h e s e  two problems a r e  no t  s t r i c t l y  i n  t h e  c r i m i n a l i s t i c s  a r e a  
a s  I unders tand  i t ,  I i n t e n d  t o  t u r n  them over  t o  t h e  law enforcement 
group of t h e  IITRI TAT). 
The t a g g i n g  of b u l l e t s ,  e x p l o s i v e s ,  and o t h e r  materials, e .g . ,  by r a r e  
e a r t h s ,  was d i s c u s s e d  b r l e f  l y .  
A need f o r  b e t t e r  me ta l  d e t e c t o r s  was expressed .  P r e s e n t  d e t e c t o r s  
w i l l  r e g i s t e r  e v e r y  b o t t l e  cap  on t h e  s u r f a c e  of t h e  ground but  w i l l  no t  
d e t e c t  b u r i e d  guns r e l i a b l y .  
We a l s o  d i s c u s s e d  t h e  imrnobi l iza t ion of homemade bombs. Near ly  a l l  
of t h e s e  r e l a y  on an e l e c t r i c a l  b a t t e r y  f o r  f i r i n g ,  s o  t h a t  d i s a b l i n g  i t  
w i l l  i n a c t i v a t e  t h e  d e v i c e .  We sugges ted  pour ing l i q u i d  n i t r o g e n  on t h e  
bonib, perhaps  b u i l d i n g  a  c o f f e r  dam around it f i r s t  s o  it can be ilnniersed 
wi thou t  touch ing  i t .  
A c o n t i n u i n g  problem t h a t  was mentioned h e r e  a l s o  i s  t h e  a u t o ~ ~ i a t e d  
record ing ,  c l a s s i f i c a t i o n ,  and t r a n s m i s s i o n  of i d e n t i t y  d a t a  f o r  people  
and o b j e c t s :  f i n g e r p r i n t s ,  t o o l  marks, b u l l e t s .  The use of r e p l i c a s  
f o r  t r a n s m i s s i o n  i n  t h e  i n t e r i m  was sugges ted .  
Another need t h a t  was brought  o u t  was f o r  a  b i o l o g i c a l  t e s t  f o r  semen, 
s p e c i f i c a l l y  a  p r e c i p i t a n t  t h a t  i\~11 r e a c t  o n l y  w i t h  human semen. The a c l d  
phosphatase  and f l u o r e s c e n c e  t e s t s  a r e  n o t  s p e c l f i c  enough, whi le  sperrn 
t h a t  can be s e e n  under a  microscope d i s a p p e a r s  i n  twelve  hours .  
The l d e n t i f  i c a t i o n  of automobsle make and y e a r  by ref  l e c t l o n  s p e c t r o -  
photometry (our  problem s ta ten len t  C-1) was d i s c u s s e d  and the  o p l n l o n  ex-  
pressed t h a t  no t  enough i s  known about  t h e  v a r l a c l o n  of t h e  r e i l e c t a n c e  
s p e c t r a  a s  a  f u n c t i o n  of c a r  age.  
A need was e x p r e s s e d  f o r  k i t s  t o  i d e n t i f y :  (1) s y n t h e t i c  f i b e r s ,  
and ( 2 )  g l a s s  samples- - in  p a r t i c u l a r ,  t o  de te rmine  t h e  r e f r a c t i v e  index 
n o n - d e s t r u c t i v e l y .  Immersion methods were s u g g e s t e d  ( t i t r a t e  a  l i q u i d  
mixture  u n t i l  t h e  f i b e r  o r  g l a s s  d i s a p p e a r s ,  t h e n  d e t e r m i n e  r e f r a c t i v e  
lndex o f  l i q u i d ) .  
F i n a l l y ,  a  d i s c u s s i o n  o f  h a n d w r i t i n g  w i t h  t h e  head o f  t h e  SID 
questioned-document group e l i c i t e d  t h e  o p i n i o n  t h a t  n e i t h e r  d i s e a s e  nor  
dei 'ormity b u t  r a t h e r  men ta l  c h a r a c t e r i s t i c s  e x e r t  t h e  s t r o n g e s t  i n f l u e n c e  
on h a n d w r i t i n g  c h a r a c t e r i s t i c s .  Th i s  c o n f l i c t s  w i t h  nlr. Beclr 's remarlis 
( r r i p  r e p o r t  o f  October  28,  1 9 6 9 ) .  
The a t t i t u d e  of C a p t a i n  Mar t in  and L t .  Mann was r a t h e r  c a u t i o u s  a t  
t h e  beg inn ing  o f  t h e  i n t e r v i e w .  They have had comparable i n t e r v i e w s  
b e f o r e  w i t h  JPL and a e r o s p a c e  i n d u s t r y  r e p r e s e n t a t i v e s  and have n o t  
r e a p e d  t o o  much b e n e f i t .  The examples o f  n u c l e a r  a c t i v a t i o n  a n a l y s i s  
and o f  t h e  p a r a f f i n  t e s t  were c i t e d  a s  i n v o l v i n g  o v e r s e l l i n g  and l a c k  
o f  c a r e f u l  work. However, we succeeded t o  some e x t e n t  i n  g i v i n g  t h e  
in lpress ion t h a t  w e  lrnow what we a r e  t a l k i n g  abou t ,  and a t  t h e  end o f  
t h e  i n t e r v i e w  Capt .  Mar t in  was k i n d  enough t o  s a y  t h a t  we had spoken 
more t o  t h e  p o i n t  t h a n  p r e v i o u s  i n t e r v i e w e r s .  I t  is t h e r e f o r e  b e l i e v e d  
t h a t ,  i f  c a r e  is  t a k e n  t o  s c r e e n  c o n c e p t s  b e f o r e  t h e y  a r e  submi t t ed  t o  
them, t h e  SID r e p r e s e n t a t i v e s  i v i l l  have a  v e r y  p o s i t i v e  a t t i t u d e  t o  
t echno logy  t r a n s f e r  and t h a t  an  e x c e l l e n t  working r e l a t i o n s h i p  can  b e  
a c h i e v e d .  Exaggera ted  c l a i m s  must be  s c r u p u l o u s l y  avo ided .  The LAPD 
does  have e x c e l l e n t  r e s o u r c e s  and c a p a b i l i t i e s  f o r  p r o v i n g  o u t  items o f  
new techno logy .  
Follow-up V i s i t  by A .  H .  Samuel 
Labora to ry  o f  C r  i m i n a l i s t i c s  o f  S a n t a  C l a r a  County 
San J o s e ,  C a l i f o r n i a  
November 30, 1969 
T h i s  was a  fol low-up t o  t h e  v i s i t  r e p o r t e d  i n  t h e  F i r s t  Q u a r t e r l y  
Repor t .  The purpose  was t o  d i s c u s s  problem s t a t e m e n t s  produced by 
SRI. ilk. B r a d f o r d ' s  comments were v e r y  h e l p f u l  and l e d  t o  a  r e c a s t i n g  
o r  r e p h r a s i n g  o f  s e v e r a l  problem s t a t e m e n t s ,  i n  p a r t i c u l a r  C-3. 
M r .  Bradford  a l s o  p o i n t e d  o u t  some new r e s u l t s  o b t a i n e d  w i t h  t h e  scann ing  
e l e c t r o n  microscope a s  a  t o o l  f o r  i d e n t i f i c a t i o n  of t h e  s m a l l e r  p a r t i c l e s  
from mar i juana  p l a n t s .  These comments [ v i l l  be i n c o r p o r a t e d  i n  Problem 
S ta tement  C-6. 
T O  W. C ,  Thuman 
S T A N F O R D  RESEARCH INSTITUTE 
Date: November 10,  1969 
b,,,: E ,  C. Wood Location: 
Sub,ect: NASA Technology U t i l i z a t i o n  
T r i p  Repor t s ,  October  1969 
Answering: 
October 29. 1969 
Sou thern  C a l i f o r n i a  Rapid T r a n s i t  D i s t r i c t  
Los Angeles , C a l i f o r n i a  
Agency r e p r e s e n t a t i v e s :  M r .  D. R .  McCullough, Sen io r  P l a n n e r  
Mr. C. R. Ga l l agher ,  A s s i s t a n t  Genera l  Manager 
TAT r e p r e s e n t a t i v e s :  E .  C.  Wood, L. R. Parkinson,  W. C. Thuman 
NASA r e p r e s e n t a t i v e :  R. G .  B i v i n s ,  Jr. 
T h i s  o r g a n i z a t i o n  was s e l e c t e d  f o r  a  v i s i t  because of i t s  r e c e n t l y  
r e c e i v e d  approva l  t o  e s t a b l i s h  two bus l a n e s  t o  which automobi le  t r a f f i c  
w i l l  n o t  have a c c e s s  on t h e  San Bernard ino  freeway. The development i s  
an e f f o r t  t o  de te rmine  whether  t h e  r a p i d i t y  of t h i s  mode of t r a n s p o r t a t i o n  
d u r i n g  rush  hour  w i l l  draw enough automobi le  u s e r s  f rom t h e  freeway t o  
form an e f f e c t i v e  s u b s t i t u t e  f o r  a  r a i l  r a p i d  t r a n s i t  system. A boncl 
i s s u e  t o r  t h e  l a t t e r  was r e j e c t e d  by t h e  Los Angeles e l e c t o r a t e .  We had 
hoped t o  deve lop  s p e c i a l  problems which may a r i s e  from t h i s  t r a n s i t  mode. 
Both M r .  McCullough and M r .  Ga l l agher ,  however, were invo lved  p r i m a r i l y  
i n  t h e  p lann ing  of f u t u r e  o p e r a t i o n s  and n o t  i n  t h e  o p e r a t i n g  problems 
of t h e  system, and they  were c l e a r l y  preoccupied wi th  f u t u r e  developments 
bo th  of t h e  bus-way sys tem and of a  new proposa l  f o r  r a i l  r a p i d  t r a n s i t .  
The meeting r e s u l t e d  i n  no d i s c r e t e  problems of t h e  t y p e  we seek ,  b u t  
t h e  d i s c u s s i o n  d i d  conf i rm t h e  d e s i r a b i l i t y  of examining s p e c i f i c  a r e a s  
of technology i n  t h e  hope t h a t  a p p l i c a t i o n s  of d e t a i l e d  NASA technology 
might reduce c o s t s  o r  e s t a b l i s h  f e a s i b i l i t y  i n  f u t u r e  developments.  
Areas sugges ted  a r e  t u n n e l i n g ,  moving s idewalks ,  guidance,  speed c o n t r o l ,  
and door c o n t r o l  of d r i v e r l e s s  buses  on f a s t  bus-ways. T e n t a t i v e  a r r a n g e -  
ments were made f o r  fo l low-up  v i s i t s  wi th  t h e  o p e r a t i n g  d i v i s i o n  d u r i n g  
t h e  week of November 10.  
October  6 ,  1969 
Highway S a f e t y  Programs O f f i c e  
F e d e r a l  Highway A d m i n i s t r a t i o n ,  Region 7 
San F r a n c i s c o ,  C a l i f o r n i a  
Agency r e p r e s e n t a t i v e  : M r .  Wil l iam H. O l i v e r ,  Regional  D i r e c t o r  
TAT r e p r e s e n t a t i v e :  L. R .  Pa rk inson  
- Kegion 7 i n c i u d e s  Arizona,  C a i i f o r n i a ,  Hawaii, and Nevada. 
Ms, O l i v e r  was c o r d i a l  and w i l l i n g  t o  be h e l p f u l  but  no ted  t h a t  h i s  
o f f i c e  p r i m a r i l y  e v a l u a t e s  s t a t e  highway programs t o  de te rmine  d e s i r a b i l i t y  
of f e d e r a l  s u p p o r t .  A s  a  r e s u l t ,  he could  s u g g e s t  l i t t l e  i n  t h e  way of 
d i s c r e t e  prcblems. Areas f o r  f u r t h e r  i n v e s t i g a t i o n  sugges ted  a r e :  
( a )  Means of de te rmin ing  cause  and e x i s t e n c e  of highway t r a f f i c  
s toppages .  
( b )  Improved methods f o r  d r i v e r s  t o  r e p o r t  a c c i d e n t s  and b reak-  
downs. 
( c )  Fog measuring equipment t h a t  w i l l  a c t u a t e  warning l i g h t s .  
The F e d e r a l  Highway A d m i n i s t r a t i o n  is  i n c r e a s i n g  i t s  a c t i v i t y  i n  pro- 
v i d i n g  f e d e r a l  s u p p o r t  f o r  s t a t e  and l o c a l  a c t i o n .  I t  would appear  t h a t  
t h e  a p p r o p r i a t e  c o n t a c t  f o r  o b t a i n i n g  technology u t i l i z a t i o n  o p p o r t u n i t i e s  
w i l l  be t h e  r e s p o n s i b l e  s t a t e  agenc ies ,  who may s e e k  f e d e r a l  fund ing  f o r  
implement a t  i o n .  
Our e f f o r t s  t o  e s t a b l i s h  c o n t a c t  w i t h  t h e  Urban Mass T r a n s p o r t a t i o n  
A d m i n i s t r a t i o n  were no t  s u c c e s s f u l  due t o  t h e  work load  i n  t h a t  agency. 
October 16  and 1'7, 1969 
2nd Symposium on Rapid Excava t ion  
Sacramento S t a t e  C o l l e g e  
E. C. Wood a t t e n d e d  t h i s  symposium f o r  background and c o n t a c t  s o u r c e  
i n f o r m a t i o n  on t h e  problem of t u n n e l i n g .  Comparing t h i s  symposium w i t h  
t h a t  of t h e  p r e v i o u s  y e a r ,  i t  is  e v i d e n t  t h a t  c o n s i d e r a b l e  p r o g r e s s  has  
been made i n  t u n n e l i n g  technology i n  moderate ly  ha rd  ground. Much l e s s  
p r o g r e s s  appears  t o  have been made i n  t u n n e l i n g  th rough  t h e  a l luv ium and 
s a t u r a t e d  s o i l s  t h a t  w i l l  u s u a l l y  be encoun te red  i n  c o n s t r u c t i n g  r a p i d  
t r a n s i t  sys tems under c i t i e s .  There a r e  a l r e a d y  r e s e a r c h  s t u d i e s  aimed 
a t  e v a l u a t i n g  t h e  use  of l i q u i d  g a s e s  t o  f r e e z e  t h e  ground and p rov ide  
i n t e r i m  s u p p o r t  f o r  t h e  t u n n e l  and f o r  s t r u c t u r e s  n e a r  t h e  r ight-of-way.  
T h i s  appears  t o  be a  p a r t i c u l a r l y  a p t  a r e a  f o r  a p p l i c a t i o n  of NASA t e c h -  
nology i n  view of t h e  l a r g e  amount of NASA e x p e r i e n c e  i n  t h e  s t o r a g e  of 
l i q u i d  oxygen. A p r e l i m i n a r y  s e a r c h  of t h e  c o s t  f a c t o r s  developed by NASA 
i n  t h i s  t echno logy  was o r d e r e d  from Western Research A p p l i c a t i o n  C e n t e r  
(IlrESRAC) f o r  t h e  purpose of f o l l o w i n g  t h i s  o p p o r t u n i t y .  
T h i s  problem s h a r e s  t h e  i n s t i t u t i o n a l  c o n s t r a i n t s  we f i n d ,  a s  expec ted ,  
i n  d e a l i n g  wi th  t h e  p u b l i c  s e c t o r  i n  t h e  f i e l d  of t r a n s p o r t a t i o n .  The 
d e t a i l e d  t e c h n i c a l  problems a r e  n o t  t o  be found i n  t h e  p u b l i c  agenc ies .  
The u l t i m a t e  u s e r  w i l l  be a  r a p i d  t r a n s i t  d i s t r i c t ,  o t h e r  r e g i o n a l  
a u t h o r i t y ,  o r  t h e  F e d e r a l  Government, because  t h e  u l t i m a t e  p u b l i c  b e n e f i t  
f rom t h e  technology a p p l i c a t i o n  d e r i v e s  from c o s t  o r  o t h e r  s a v i n g s  t h a t  
acc rue  t o  t h e  p u b l i c  agency, b u t  the  a c t u a l  a p p l i e r  w i l l  be an  equipment 
s u p p l i e r  o r  a  c o n s t r u c t i o n  c o n t r a c t o r ,  both  i n  the  p r i v a t e  s e c t o r .  To 
reach  t h e  problem it i s  n e c e s s a r y  t o  s e l l  t h e  p u b l i c  s e c t o r  agency on 
t h e  b z n e f i t  t h a t  they  d e r i v e  and e n t e r  d i s c u s s i a n s  wi th  t h e  s u p p l i e r  o r  
c o n t r a c t o r ,  i n  some c a s e s  through an  a r c h i t e c t  e n g i n e e r i n g  f i r m ,  under 
t h e  p u b l i c  agency' s a e g i s .  For expensive  and s i g n i f i c a n t  new developments 
t h e  p u b l i c  agency and t h e  s u p p l i e r s  a l l  look t o  t h e  U . S .  Department of 
T r a n s p o r t a t i o n  f o r  suppor t  o f  r e s e a r c h  and development a c t i v i t i e s  t h a t  
p recede  t h e  a p p l i c a t i o n  of new t r a n s i t ,  c o n s t r u c t i o n ,  o r  t u n n e l i n g  t ech-  
nology. For t h i s  r e a s o n  \ve b e l i e v e  it most f r u i t f u l  f o r  t h e  technology 
a p p l i c a t i o n  t o  be p u t  under t h e  a e g i s  of t h e  Department o f  T r a n s p o r t a t i o n .  
Follow-Up C o n t r a c t s  i n  t h e  F i e l d  of T r a n s p o r t a t i o n  by E.  C .  Wood 
A t h i r d  meet ing was he ld  w i t h  Opera t ions  s t a f f  p e r s o n n e l  of Southern 
C a l i f o r n i a  Rapid T r a n s i t  D i s t r i c t  on December 9 .  The meet ing was p r i m a r i l y  
o r i e n t e d  toward developing i n f o r m a t i o n  on problems a l r e a d y  i d e n t i f i e d .  One 
new problem--mater ia ls  o r  c o a t i n g s  f o r  i n t e r i o r  s u r f a c e s  o f  t h e  v e h i c l e  t o  
promote r e l e a s e  o f  d u s t  and soi l - -was  i d e n t i f i e d .  
A d d i t i o n a l  c o n t a c t s  weye made w i t h  BARTD--following up Problem 
s t a t e m e n t  T-31, Derai lment  D e t e c t o r ,  submi t t ed  t o  them Novembe? 1 8  f o r  
comment--and C a l i f o r n i a  D i v i s i o n  of Highways t o  o b t a i n  a d d i t i o n a l  informa- 
t i o n  and a r r a n g e  a January 5 appointment i n  Sacramento t o  d i s c u s s  back- 
ground on s e v e r a l  o f  t h e  28 problems t h e y  have i d e n t i f i e d .  
On November 2 1 ,  t h e  g e n e r a l  problem of t u n n e l i n g  was d i s c u s s e d  w i t h  
b ' k .  R .  J. P r o c t o r  o f  t h e  Los Angeles Department o f  Water and Power. Two 
a r e a s  m e r i t  e x p l o r a t i o n  from h i s  v iewpoin t - - ( I )  c ryogen ic  f r e e z i n g  t o  
s tem water  f low and t o  hold  l o o s e ,  wet fo rmat ions ,  and ( 2 )  t o o l  wear i n  
hard rock d r i l l i n g  heads .  He recommended c o n t r a c t o r s  and t o o l  vendors  
w i t h  whom t h e s e  problems cou ld  be  d i s c u s s e d  under RI'CVD a e g i s ;  i n i t i a l  
c o n t a c t s  a r e  schedu led  i n  January.  
A l e t t e r  was s e n t  t o  h k  . Warren Queenstadt ,  Washington i?Ietropolitan 
T r a n s i t  D i s t r i c t ,  t o  p r e p a r e  t h e  way f o r  a v i s i t  t o  i n t r o d u c e  t h e  TAT 
program d u r i n g  a n  e a r l y  v i s i t  i n  Washington. 
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